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3M 베어허거 학회지 210*280.indd   23M 베어허거 학회지 210*280.indd   2 2022. 8. 16.   오전 10:152022. 8. 16.   오전 10:15





C

M

Y

CM

MY

CY

CMY

K

나제아_리플렛(2p)_A4(출력용).pdf   1   2019. 12. 9.   오후 5:42



C

M

Y

CM

MY

CY

CMY

K

나제아_리플렛(2p)_A4(출력용).pdf   1   2019. 12. 9.   오후 5:42



 

TH
E  K

O
R
EA

N
 SOCIETY OF OBSTETRIC A

NES

TH
ES

IO
LO

G
I S

T S

 

TH
E  K

O
R
EA

N
 SOCIETY OF OBSTETRIC A

NES

TH
ES

IO
LO

G
I S

T S

 

TH
E  K

O
R
EA

N
 SOCIETY OF OBSTETRIC A

NES

TH
ES

IO
LO

G
I S

T S

Korean Society of Neuroscience in Anesthesiology
and Critical Care

The Korean Society for Anesthetic Pharmacology

Korean Neuromuscular Research Society Korean Society of Cardiothoracic and Vascular
Anesthesiologists

The Korean Society of Obstetric Anesthesiologists The Korean Society of Pediatric Anesthesiologists

Korean Society of Transplantation Anesthesiologists The Korean Spinal Pain Society

Korean Society for Airway ManagementKorean Society of Regional Anesthesia

 

TH
E  K

O
R
EA

N
 SOCIETY OF OBSTETRIC A

NES

TH
ES

IO
LO

G
I S

T S

Aims and Scope
Anesthesia and Pain Medicine (APM) is the official journal of the following ten subsocieties of the Korean Society of Anesthesiologists: 

Korean Society of Neuroscience in Anesthesiology and Critical Care, the Korean Society for Anesthetic Pharmacology, the Korean Society 

of Obstetric Anesthesiologists, the Korean Society of Pediatric Anesthesiologists, the Korean Neuromuscular Research Society, the Korean 

Society of Cardiothoracic and Vascular Anesthesiologists, the Korean Society of Transplantation Anesthesiologists, the Korean Spinal Pain 

Society, the Korean Society of Regional Anesthesia, and the Korean Society for Airway Management. Its abbreviated title is "Anesth Pain 

Med". It is published four times a year, in English, on the last days of January, April, July, and October. 

APM aims to improve the safety and care of patients receiving anesthesia and the quality of anesthesiologists’ clinical practice by publishing 

articles on anesthesiology, including perioperative management, critical care, and pain medicine. 

The scope of APM includes the following: 

• Anesthesia-related issues from the affiliated field of neuroanesthesiology 

• Experimental and laboratory work or studies of clinical relevance in anesthetic pharmacology

• Anesthesia for operative delivery, pain relief in labor, care of the critically ill parturient, perinatal physiology and pharmacology

• Anesthetic care, perioperative management, and alleviation of pain in children

• Physiology of neuromuscular transmission and blockage, the pharmacology of neuromuscular blocking agents and their reversal agents, 

the principles and applications of neuromuscular monitoring, and drug interactions between neuromuscular blocking agents and other 

substances

• Anesthesia for cardiothoracic and vascular surgery and the management of patients undergoing surgery for cardiac, pulmonary, and 

vascular diseases 

• Perioperative anesthesia care of transplantation surgery, physiology or pharmacology related to transplantation anesthesiology

• Pathophysiology, pharmacology, and all respects of spine-related pain

• Clinical techniques of regional blocks, anatomy, patient safety issues, and basic sciences such as pharmacology of local anesthetics or 

sedative drugs 

• All fields of airway management, including difficult airways and complications. 

The journal’s regional focus is mainly Korea, but it welcomes submissions from researchers all over the world.

All or part of the Journal is indexed/tracked/covered by PubMed, PubMed Central (PMC), KoreaMed, KoMCI, Google Scholar, Science 

Central.

Full text is freely available from http://anesth-pain-med.org

The circulation number per issue is 400.

This work was supported by the Korean Federation of Science and Technology Societies (KOFST) grant funded by the Korean government.

Anesthesia and Pain Medicine October 2022; Volume 17, Number 4, Serial No. 66
ⓒ 2022 the Korean Society of Anesthesiologists.

pISSN: 1975-5171
eISSN: 2383-7977



iAnesth Pain Med

Vol.17 No.4 October 2022

Publisher
Jae-Hwan Kim (Korea University, Korea)

Editor-in-Chief
Young-Cheol Woo (Chung-Ang University, Korea)

Associate Editor
Chong Wha Baek (Chung-Ang University, Korea)

Jung-Won Hwang (Seoul National University, Korea)
Hyun Kyo Lim (Yonsei University, Korea)

Editorial Board
Hyunjoo Ahn (Sungkyunkwan University, Korea)

Randal S. Blank (University of Virginia, USA)
Yong Seon Choi (Yonsei University, Korea)

Woo-jong Choi (University of Ulsan, Korea)
Yang Hoon Chung (Soonchunhyang University, Korea)
Seongtae Jeong (Chonnam National University, Korea)

Hee Young Kim (Pusan National University, Korea)
Kyu Nam Kim (Hanyang University, Korea)

Yeon Dong Kim (Wonkwang University, Korea) 
Young-Kug Kim (University of Ulsan, Korea)

Young Sung Kim (Korea University, Korea)
Jeong-Rim Lee (Yonsei University, Korea)
Suraphong Lorsomradee (Chiang Mai University Hospital, Thailand)
Jung Hyun Park (The Catholic University of Korea, Korea)
Hyungseok Seo (Kyung Hee University, Korea)
Young Duck Shin (Chungbuk National University, Korea)
Peter D. Slinger (University of Toronto, Canada)
Weipeng Wang (Shanghai Deltahealth Hospital, China)
Laurence Weinberg (University of Melbourne, Australia)

Ethics Editor
Young Yoo (Korea University, Korea)

Statistics Editor
Eun-Jin Ahn (Chung-Ang University, Korea), Boohwi Hong (Chungnam National University, Korea),  

Junyong In (Dongguk University, Korea), Jong Hae Kim (Daegu Catholic University, Korea), Dong-Kyu Lee (Korea University, Korea)

Illustrated Editor
Yong Beom Kim (Gachon University of Medicine and Science, Korea)

Manuscript Editor
Ji Youn Ha (The Korean Society of Anesthesiologists, Korea), Se Jueng Kim (MEDrang Inc., Korea)

Contacting the Anesthesia and Pain Medicine

All manuscripts must be submitted online through the APM e-Submission system (http://submit.anesth-pain-med.org).
Electronic files of the manuscript contents must be uploaded at the web site.
Items pertaining to manuscripts submitted for publication, as well as letters or other forms of communication regarding the editorial 

management of APM should be sent to:

Editor-in-Chief

Young-Cheol Woo

Publishing/Editorial Office

The Korean Society of Anesthesiologists
101-3503, Lotte Castle President, 109 Mapo-daero, Mapo-gu, Seoul 04146, Korea
Tel +82-2-792-5128, Fax +82-2-792-4089, E-mail journal@anesthesia.or.kr

Printed by M2PI

8th FL, DreamTower, 66 Seongsui-ro, Seongdong-gu, Seoul 04784, Korea
Tel +82-2-6966-4930, Fax +82-2-6966-4945, E-mail support@m2-pi.com



Anesth Pain Medii

Cardiothoracic and Vascular Anesthesia

Case Report

397 Detection of paradoxical carbon dioxide gas embolism with opening of patent  
 foramen ovale by perioperative transesophageal echocardiography during  
 laparoscopic hepatectomy
 Kwang-Seok Shim, Sang-Gon Lee, Haesoo Kim, Jeongyoon Lee

Vol.17 No.4 October 2022

Table of Contents

Reviews

343  General anesthesia and sleep: like and unlike
 Jieun Jung, Tae Kim

352 Choice of the correct size of endotracheal tube in pediatric patients
 Seyeon Park, Sang-Wook Shin, Hye-Jin Kim, Ji-Uk Yoon, Gyeong-Jo Byeon, Eun-Jung Kim,  
 Hee Young Kim

361 Percutaneous epidural balloon neuroplasty: a narrative review of current evidence
 Doo-Hwan Kim, Jin-Woo Shin,  Seong-Soo Choi

Anesthetic Pharmacology

Clinical Research

371 Postoperative mortality in patients with end-stage renal disease according to the  
 use of sugammadex: a single-center retrospective propensity score matched study
 Sanghoon Song, Ho Bum Cho, Sun Young Park, Wan Mo Koo, Sang Jin Choi, Sokyung Yoon,  
 Suyeon Park, Jae Hwa Yoo, Mun Gyu Kim, Ji Won Chung, Sang Ho Kim

381 Do cross-food allergies to propofol exist?
 Carles Espinós Ramírez, Marta Viñas Domingo, Anna Peig Font, Paula Gil Esteller,  
 Maria José Castillo Marchuet, Maria Pilar Saura Foix, Juan Carlos Martín Sanchez, Maria Martinez García

Pediatric Anesthesia

Clinical Research

386 Critical incidents associated with pediatric anesthesia: changes over 6 years  
 at a tertiary children’s hospital
 Sung-Ae Cho, Ji-Hyun Lee, Sang-Hwan Ji, Young-Eun Jang, Eun-Hee Kim, Hee-Soo Kim,  
 Jin-Tae Kim

pISSN: 1975-5171
eISSN: 2383-7977



iiiAnesth Pain Med

Regional Anesthesia

Clinical Research

445 A randomized double-blind controlled study comparing erector spinae plane block  
 and thoracic paravertebral block for postoperative analgesia after breast surgery
 Aumjit Wittayapairoj, Nattanan Sinthuchao, Ongart Somintara, Viriya Thincheelong, Wilawan Somdee

Transplantation Anesthesia

Clinical Research

404 Temporary postoperative myocardial injury and long-term survival in liver transplant  
 patients with coronary artery disease
 Hye-Mee Kwon, Jae Hwan Kim, Ji-Woong Yang, Gyu-Sam Hwang

412 Five-year all-cause mortality in critically ill liver transplant patients with coronary  
 artery disease: analysis of acute-on chronic liver failure
 Hye-Mee Kwon, Jae Hwan Kim, Ji-Young Kim, Gyu-Sam Hwang

420 C-reactive protein-to-albumin ratio is a predictor of 1-year mortality following liver  
 transplantation
 Kyoung-Sun Kim, Hye-Mee Kwon, Jae Hwan Kim, Ji-Woong Yang, In-Gu Jun, Jun-Gol Song,  
 Gyu-Sam Hwang

Spinal Pain

Clinical Research

429 Educational value of spinal injection therapy videos in Korean YouTube for back pain  
 patients
 Soo Bin Kim, Seung Bae Cho, Hyogyun Choi, Sehun Lim

Case Report

434 Serratus anterior plane block with ultrasound-guided hydrodissection for lateral  
 thoracic pain caused by long thoracic nerve neuropathy
 Minsoo Kim, Daehun Goh, Soyeon Cho, Yeonji Noh, Byeongmun Hwang

439 Spinal intramedullary cavernous angioma patient in a pain clinic
 Soo Bin Kim, Seung Bae Cho, Sehun Lim

Letter to the Editor

454  Electroconvulsive therapy in a catatonia patient: succinylcholine or no succinylcholine?
  Manbir Kaur, Swati Chhabra, Pradeep Bhatia, Ravindra Singh Chouhan





This is an Open Access article distributed under the terms of the Creative Commons Attribution Non-Commercial License (http://creativecommons.org/licenses/by-nc/4.0) which permits 
unrestricted non-commercial use, distribution, and reproduction in any medium, provided the original work is properly cited.
Copyright © the Korean Society of Anesthesiologists, 2022

343

K
SAP

INTRODUCTION 

General anesthesia and sleep have long been discussed in 

the neurobiological context owing to their commonalities 

such as unconsciousness, immobility, non-responsiveness 

to external stimuli, and lack of memory upon returning to 

consciousness. In 1855, it was hypothesized that a common 

mechanism might be involved in general anesthesia and 

normal deep sleep [1]. However, since the exact mecha-

nisms of anesthesia and sleep are yet to be completely un-

derstood, the relationship between the two phenomena re-

mains uncertain. This review discusses the current under-

standing of neurobiological mechanisms underlying sleep 

and anesthesia and explores potential clinical implications. 

Based on the similarities and differences between these 

seemingly similar states, we sought to gain a better insight 

into anesthesiology and sleep medicine. 
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General anesthesia and sleep have long been discussed in the neurobiological context ow-
ing to their commonalities, such as unconsciousness, immobility, non-responsiveness to ex-
ternal stimuli, and lack of memory upon returning to consciousness. Sleep is regulated by 
complex interactions between wake-promoting and sleep-promoting neural circuits. Anes-
thetics exert their effects partly by inhibiting wake-promoting neurons or activating sleep-pro-
moting neurons. Unconscious but arousable sedation is more related to sleep-wake circuit-
ries, whereas unconscious and unarousable anesthesia is independent of them. General 
anesthesia is notable for its ability to decrease sleep propensity. Conversely, increased 
sleep propensity due to insufficient sleep potentiates anesthetic effects. Taken together, it is 
plausible that sleep and anesthesia are closely related phenomena but not the same ones. 
Further investigations on the relationship between sleep and anesthesia are warranted. 

Keywords: General anesthesia; Neural pathways; Neurobiology; Sleep.  

DEFINITION OF GENERAL ANESTHESIA 
AND SLEEP 

The American Society of Anesthesiologists defined gener-

al anesthesia as “drug-induced loss of consciousness during 

which patients are not arousable, even by painful stimula-

tion” [2]. This condition is also accompanied by amnesia, 

akinesia, and the stability of life-sustaining physiological 

systems [3]. Sleep is characterized by immobility and a re-

duced level of responsiveness to the environment, unlike the 

awake state, and differs from hibernation or anesthesia in 

that it is quickly reversible [4]. Sleep is often regarded as a 

passive state; however, it is a dynamic process that is regulat-

ed by complex mechanisms rather than a state of inactivity. 

Sleep states are categorized into the following two distinct 

phases: rapid eye movement (REM) and non-rapid eye 

movement (NREM) sleep. REM sleep is accompanied by 

bursts of rapid eye movements, irregular breathing and 

https://doi.org/10.17085/apm.22227
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heart rate, dreams, and muscular atonia, whereas NREM 

sleep is characterized by slow eye movement, decreased 

muscle tone, body temperature, and heart rate [5].  

ELECTROENCEPHALOGRAPHIC 
FINDINGS IN GENERAL ANESTHESIA 

AND SLEEP 

Electroencephalograms (EEG) reveal distinct patterns 

during general anesthesia. As the depth of anesthesia in-

creases, the EEG pattern changes from paradoxical exci-

tation, phases 1 and 2, followed by burst suppression and 

isoelectric traces [3]. 

During the induction period, EEG shows an increase in 

beta activity (13–25 Hz), implying a paradoxically excited 

brain status. Under lighter phases anesthesia (phase 1), EEG 

beta activity decreases while alpha (8–12 Hz) and delta (0.5–

4 Hz) activities increase. An intermediate state (phase 2) is 

characterized by increased alpha and delta activity in the 

anterior brain, called anteriorization. The EEG of phase 2 

anesthesia is similar to that of stage 3 NREM sleep. Under 

more profound anesthetic state (phase 3), a critical feature 

on EEG is intermittent high-power range oscillations 

(bursts) in alternation with isoelectricity (suppression), 

which is known as burst suppression [6–9]. This distinct fea-

ture is mainly observed when the brain is inactivated, such 

as during hypothermia [10–12], deep general anesthesia 

[3,13], and coma [14]. Surgical procedures are usually con-

ducted in phases 2 and 3. 

EEG during sleep also shows distinct stages. In NREM 

stage 1, the EEG frequency decreases, and strong alpha and 

theta activities are observed. In NREM stages 2 and 3, the 

amplitude of EEG increases, and the frequency reduces fur-

ther, which are characterized by both sleep spindles (7–14 

Hz) and K-complexes. In NREM stage 4, brain waves show 

high-amplitude and low-frequency rhythms. In particular, 

large-amplitude delta waves (0.5–4 Hz) are characteristic of 

NREM sleep stage 4, also known as slow-wave sleep. During 

REM sleep, EEG shows high-frequency and low-amplitude 

rhythms, and theta (7–9 Hz) activity is prominently observed 

[15]. More information can be found in the review by Brown 

et al. [3]. 

REGULATORY MECHANISMS FOR SLEEP 
AND WAKEFULNESS IN THE BRAIN 

Arousal pathway 

Activation of wake-promoting systems causes arousal in 

an organism and prevents it from falling asleep. During 

states of wakefulness, low-amplitude oscillations at 20–60 

Hz were found in the cortical EEG, and an electromyogram 

(EMG) shows irregular muscle activities [16–18]. According 

to Moruzzi and Magoun [19], the waking state is maintained 

by an ascending flow of arousal signals emanating from the 

brainstem reticular formation. The ascending reticular acti-

vating system (ARAS) is generally located in the pons and 

midbrain. In addition to ARAS, many other wake-promoting 

areas were identified [20,21]. Recent advances in neurosci-

entific techniques have enabled the identification of intrace-

rebral nuclei and their neurotransmitter-specific cell types 

which maintain or promote wakefulness. Optogenetics and 

chemogenetics have revolutionized the anatomical and 

physiological understanding of sleep and wakefulness. Op-

togenetics is a cutting-edge neurotechnology that uses 

light-sensitive proteins, such as channelrhodopsin, and illu-

mination to control the activity of neurons in a cell-type- 

and region-specific manner with high temporal precision. 

Neurons induce or suppress action potentials when 

light-sensitive ion channels or pumps are stimulated opti-

cally [22]. Similarly, chemogenetics employs mutated mus-

carinic receptors, such as hM3Dq and hM4Di, which are re-

sponsive to the exogenous chemical clozapine-N-oxide 

(CNO) but not to the endogenous ligand acetylcholine. After 

hM3Dq or hM4Di is expressed in a specific group of cells, 

the specific neurons can be excited or inhibited selectively 

by CNO administration. Wake-promoting cell groups in-

clude noradrenergic cells in the locus ceruleus (LC) [23], 

5-HT-synthesizing (serotonergic) cells in the dorsal raphe 

nuclei (DRN) [24], acetylcholine-synthesizing (cholinergic) 

cells [25–28], glutamatergic, and GABAergic cells [25,27,29] 

in the pedunculopontine tegmentum (PPT) and laterodorsal 

tegmentum (LDT), and DA-synthesizing (dopaminergic) 

cells in the ventral tegmental area (VTA) [30]. The parabra-

chial nucleus (PB) is also a strong wake-promoting area that 

is active during hypercarbia, pain, cold, and nausea [31]. In 

the forebrain, some nuclei promote wakefulness in conjunc-

tion with ARAS [16], including histaminergic cells in the tu-

beromammillary nuclei (TMN) [32], hypocretinergic (also 

known as orexinergic) cells in the lateral hypothalamus (LH) 
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[33–36], cholinergic and parvalbumin-containing cells in the 

basal forebrain (BF) [37], and glutamatergic neurons in the 

PB [31]. Activation of these systems spontaneously or exper-

imentally leads to a pattern of cortical activation required to 

maintain wakefulness. However, it remains unclear whether 

all these cell populations are simultaneously necessary to 

generate and maintain wakefulness. 

Sleep-promoting pathway 

First, the ventrolateral preoptic area (VLPO) was discov-

ered as a sleep-promoting area. GABAergic and galaninergic 

neurons in the VLPO project to wake-promoting brain re-

gions, such as the TMN, DRN, LC, PB, hypocretinergic neu-

rons, and cholinergic neurons of the BF. Other areas were 

also found to have sleep-active neurons. The parafacial zone 

in the rostral medulla, which is dorsolateral to the origin of 

the facial nerve, contains GABAergic/glycinergic neurons. 

These neurons are active during NREM sleep, and their se-

lective activation causes longer NREM sleep and higher EEG 

delta rhythm [38]. In the cortex, most neurons are wake-ac-

tive, but neurons containing nitric oxide synthase (nNOS) in 

the deep layer are sleep-active [39]. These neurons fire in re-

sponse to homeostatic sleep pressure and release GABA and 

nitric oxide, slowing down cortical rhythms. Additionally, 

two sets of neurons are essential for REM sleep. One is cho-

linergic neurons in the PPT/LDT area, which are active 

during REM sleep and are known as “REM-ON” cells [40]. 

The other is glutamatergic neurons in the sublaterodorsal 

nucleus, which have been discovered more recently as REM-

sleep generators [41]. 

Flip-flop switch model 

Interestingly, sleep-promoting VLPO and wake-promoting 

regions are connected by bidirectional inhibitory projec-

tions. This reciprocal inhibitory neural circuitry is similar to 

flip-flop circuitry in electronics, which enables rapid transi-

tions between sleep and wake states and keeps the states in 

a stable manner. Thus, a model mechanism for sleep-wake 

control between VLPOs and arousal-promoting regions was 

proposed and named the “flip-flop switch” model [42]. Acti-

vating VLPO neurons promotes sleep by inhibiting arous-

al-promoting areas such as LC, TMN, and DRN neurons, 

whereas activating LC, TMN, and DRN neurons promote 

wakefulness by inactivating VLPO neurons. As a result of 

solid inhibition between these two sides of the switch, the 

system rapidly shift from one state to the other and stabilizes 

one state against the other. Therefore, balancing arous-

al-promoting and sleep-promoting circuitries is critical for 

determining a vigilance state. 

Homeostatic sleep regulation 

In general, prolonged wakefulness is followed by longer 

and deeper sleep. Homeostatic sleep response is character-

ized by a higher sleep propensity and longer sleep time after 

sleep deprivation (SD) [43]. Adenosine is a neurochemical 

substrate of sleep propensity and sleep-inducing factor that 

increases in proportion to prior wakefulness [44]. In con-

trast, slow wave activity (SWA) is considered an electrophys-

iological measure of sleep propensity or the tendency to-

ward sleep and can be measured by the power of cortical 

delta waves (0.5–4 Hz). Homeostatic sleep response occurs 

during recovery sleep after SS and is characterized by in-

creased SWA. Additionally, slow-wave energy (SWE), the 

time integral of SWA during NREM sleep, also represents the 

homeostatic sleep response. 

ANESTHETIC AGENTS: GABAERGIC VS. 
NON-GABAERGIC 

General anesthetics increase inhibitory neurotransmis-

sion and decrease excitatory neurotransmission in the cen-

tral nervous system, ultimately leading to a suppressed state 

of the brain. However, the mechanisms of action of general 

anesthetics are not yet well established. In addition, the rep-

resentative states of general anesthesia, including uncon-

sciousness, amnesia, analgesia, and akinesia, are mediated 

by different receptors and brain regions. Most general anes-

thetics act on neurotransmitter-gated ion channels. It has 

been found that among the various ion channels, the γ-ami-

nobutyric acid type A (GABAA) receptor plays a significant 

role as a functional site for general anesthesia [45–49]. GABA 

is the primary inhibitory neurotransmitter in the mammali-

an central nervous system and its inhibition is mediated 

mainly through chloride-permeable chloride-gated ion 

channels called GABAA receptors. Activation of GABAA re-

ceptors triggers an inflow of chloride ions into the cell, caus-

ing cell membrane potential hyperpolarization and de-

creased neuronal excitability [50]. The GABAA receptor has 

an active site to which GABA and other drugs, such as bicuc-

ulline, can bind as a ligand along with multiple allosteric 

binding sites [51]. Various anesthetics, including benzodiaz-
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epines, propofol, neuroactive steroids, barbiturates, and in-

haled anesthetics, can modulate receptor activity by binding 

to the different allosteric binding sites [52]. Non-GABAergic 

agents such as ketamine [53], nitrous oxide [54], and xenon 

[55] rarely interact with GABAA receptors. The anesthetic ef-

fects are mediated by non-competitive antagonism of the 

N-methyl-D-aspartic acid (NMDA) receptor, resulting in de-

creased excitatory neurotransmission. Especially, ketamine 

interacts with the opioid, monoaminergic, cholinergic, puri-

nergic, and adrenoreceptor systems [56,57]. 

THE ACTION OF ANESTHETICS 
BLOCKING THE AROUSAL PATHWAY 

Tuberomammillary nucleus 

The TMN is a critical wake-promoting nucleus and a tar-

get for anesthesia-induced sedation [58]. In particular, after 

sedation induced by GABAergic anesthetics such as propo-

fol, muscimol, and pentobarbital, the expression pattern of 

the c-Fos gene, a marker of neuronal activity, appears simi-

lar to that of NREM sleep. Expression of c-Fos, a marker for 

neuronal activation, decreased in TMN while increased in 

the VLPO, suggesting that GABAergic agents activate the 

VLPO and suppress the TMN. Furthermore, muscimol di-

rectly injected into the TMN increased the loss of righting 

response (LORR) time, a behavioral measure of the degree 

of sedation, in a dose-dependent manner, whereas GABAA 

receptor antagonist, gabazine reduced the LORR [58,59]. 

These findings suggest that GABAergic anesthetics inhibit 

neuronal activity in the TMN, resulting in reduced release of 

histamine and loss of consciousness [60,61]. 

Locus ceruleus 

LC noradrenergic neurons have strong wake-promoting 

effects, and pre-and post-synaptic mechanisms contribute 

to the suppression of LC neuronal activity by general anes-

thesia. Neuronal loss in the LC of the zebrafish model result-

ed in faster induction and slower emergence from general 

anesthesia [62]. In addition, chemogenetic activation of LC 

noradrenergic neurons reduces delta power during isoflu-

rane anesthesia and shortens its emergence time. Converse-

ly, adrenoreceptor antagonists lenghthens the duration of 

anesthesia [63]. 

Hypocretinergic neurons 

Hypocretinergic neurons also mediate anesthetic effects 

by decreasing their wake-promoting functions. Evidence 

suggests that isoflurane and sevoflurane decrease c-Fos ex-

pression in hypocretinergic neurons, also known as orexin-

ergic neurons, implying that their activity is suppressed [64]. 

More recently, these neurons in the perifornical area of the 

lateral hypothalamus have demonstrated influencing the 

maintenance and emergence from isoflurane and desflu-

rane anesthesia [65]. In addition, these neurons also affect 

induction via projections to the paraventricular nucleus. 

DOES ANESTHESIA HAVE SLEEP-LIKE 
EFFECTS? 

To date, many researchers have concluded that sleep and 

anesthesia are distinct states, but they share several similari-

ties [66,67]. Although it is already known that anesthetics 

can induce sedation by acting on arousal neural circuits [58], 

no clear evidence showed that sleep-promoting nuclei cause 

sedation until volatile anesthetics, such as isoflurane or hal-

othane, was examined for the activity of the sleep-promoting 

VLPO region by measuring the expression level of c-Fos [68]. 

As a result of volatile anesthetics administered during the 

dark period, an active period for the rodents, c-Fos-positive 

neurons increased in a dose-dependent manner, similar to 

the activation level of VLPO neurons during spontaneous 

sleep during the light period. 

CAN ANESTHESIA REDUCE SLEEP 
PROPENSITY? 

Sleep characteristics are homeostatically regulated based 

on the length and depth of previous sleep. Therefore, it is 

reasonable to question whether anesthesia can function in 

the same manner as sleep homeostasis. General anesthesia 

with a slow-wave or isoelectric EEG after sleep deprivation 

can result in a blunted SWA rebound, implying that anesthe-

sia may have a similar effect to NREM sleep [69]. According 

to a study comparing the cumulative SWE of the group that 

received isoflurane for 1 h immediately after sleep depriva-

tion for 4 h against the group that did not receive isoflurane, 

the slope of rebound sleep was flattened in the group treated 

with isoflurane [69]. This phenomenon can have two infer-

ences. First, anesthesia may have caused an abnormal brain 

condition suppressing SWA and the abnormality sustained 
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during recovery sleep. Another possibility is that anesthesia 

may have resolved the accumulated sleep pressure by an 

unknown mechanism. However, because both the high and 

low doses of anesthetic agents reduced SWA during recovery 

sleep and only a low dose could generate slow waves, anes-

thesia SWA may not be necessary for the sleep-like effect. 

Instead, there may be an unknown mechanism that medi-

ates the sleep-like effects of general anesthesia. Sevoflurane 

may have similar but different effects on NREM and REM 

sleep. Six-hour sevoflurane anesthesia following 12-h sleep 

deprivation reduced the homeostatic response in NREM 

sleep but not in REM sleep [70]. Sevoflurane treatment after 

sleep deprivation reduced rebound sleep compared with no 

sevoflurane treatment, suggesting that homeostatic sleep 

pressure was partly resolved by sevoflurane anesthesia. 

CAN ANESTHESIA AMELIORATE SD-
INDUCED COGNITIVE DYSFUNCTION? 

Sleep deprivation is commonly associated with memory 

impairment, one of the most prevalent symptoms. There-

fore, it is unclear whether sedation with anesthetics also re-

duces SD-induced memory impairments. Dexmedetomi-

dine, a selective α2-adrenergic receptor agonist, appears to 

counteract memory impairment induced by sleep depriva-

tion [71]. Chronically sleep-deprived mice simultaneously 

treated with dexmedetomidine showed decreased memory 

impairment. Simultaneously, they showed lower levels of 

inflammatory cytokines, such as tumor necrosis factor-α 

(TNF-α) and interleukin (IL)-6, and increased levels of neu-

roprotective signaling molecules, such as brain-derived 

neurotrophic factor (BDNF) and tyrosine kinase B (TrkB). 

Dexmedetomidine reduces detrimental responses caused 

by sleep deprivation, potentially resembling sleep effects. 

DOES SLEEP PRESSURE POTENTIATE THE 
EFFECTS OF THE ANESTHETICS? 

We have reviewed that anesthesia may have sleep-like ef-

fects. In contrast, whether sleepiness or sleep deprivation 

can affect anesthesia is a clinically important question. 

Twenty-four-hour sleep-deprived rats showed a shorter time 

taken for loss of righting reflex and a longer time to recovery 

when anesthetized with propofol and isoflurane, implying 

that they presented faster induction and slower emergence 

from anesthesia [70,72]. These data support the hypothesis 

that increased sleep pressure enhances the effects of propo-

fol and isoflurane. Given that preoperative sleep disturbance 

is associated with an increased risk of postoperative deliri-

um [73] and that increased sleep pressure may potentiate 

the efficacy of anesthetic agents [72], it is clinically relevant 

to determine whether dose reduction could be considered 

for patients with either a pre-existing medical or psychiatric 

condition that hinders sleep chronically, or acute preopera-

tive sleep disruption, or both. These findings suggest that 

sleep propensity could contribute to the response to anes-

thetics and that sleep quantity and quality may contribute to 

individual differences in responses to anesthetics.  

CHALLENGES TO THE 
“SHARED CIRCUIT HYPOTHESIS” 

The “shared circuit hypothesis” proposes that the activa-

tion of sleep-promoting neurons is necessary or sufficient 

for attaining unarousable unconsciousness or general anes-

Fig. 1. Similarities and differences in the mechanism of action 
of general anesthesia and sleep. General anesthesia and sleep 
have similar properties, as there is some degree of overlap in 
their neuronal circuitry. Sleep and anesthesia can be initiated by 
inhibiting the wake-promoting pathway or activating the sleep-
promoting pathway. However, other mechanisms are thought to be 
used to reach the “Unconscious, Not arousable” state by general 
anesthesia, but the exact mechanism is not yet understood. LC: 
locus coeruleus, DRN: dorsal raphe nuclei, PPT: pedunculopontine 
tegmental nucleus, LDT: laterodorsal tegmental nucleus, 
VTA: ventral tegmental area, PB: parabrachial nucleus, TMN: 
tuberomammillary nuclei, LH: lateral hypothalamus, BF: basal 
forebrain, VLPO: ventrolateral preoptic area, PZ: parafacial zone, 
nNOS: neuronal nitric oxide synthase (nNOS)-containing neurons 
in the cortex, PPT: pedunculopontine tegmental nucleus, LDT: 
laterodorsal tegmental nucleus, SLD: sublaterodorsal nucleus. 
Figure were created using BioRender.com.

Anesthetics Sleep drive

SleepSedation Unconscious, Arousable

Wake promoting 
pathway

(LC, DRN, PPT/LDT, 
VTA, PB, TMN, LH, BF)

Sleep promoting 
pathway

(VLPO, PZ, nNOS,
PPT/LDT, SLD)

Unconscious, Not arousable



348 www.anesth-pain-med.org

Anesth Pain Med Vol. 17 No. 4

thesia [33]. This hypothesis has persisted for a long time but 

has recently been challenged. Ablation of the VLPO, a major 

sleep-promoting area, could increase the sensitivity to iso-

flurane. However, VLPO-ablated rats did not lose the ability 

to achieve deep isoflurane anesthesia [74]. In addition, a re-

cent study by Vanini et al. showed that selective activation of 

VLPO using chemogenetics did not facilitate anesthesia. 

Briefly, they selectively activated GABAergic neurons in the 

VLPO by activating the hM3Dq receptor with CNO and 

found no difference in the time taken for loss and recovery 

of consciousness by isoflurane anesthesia. These findings 

disprove that VLPO is not necessary or sufficient to induce 

general anesthesia. Nevertheless, it should be noted that 

there are multiple levels of anesthetic action (Fig. 1). Anes-

thetic agents can cause unconscious but arousable states by 

acting on sleep-promoting areas, such as the VLPO, LH, LC, 

and TMN. For a deeper level of anesthesia, such as the un-

conscious and non-arousable state, anesthetics should act 

directly on the neural substrate of consciousness [75]. 

CONCLUSION 

Recent advances in understanding the neurobiology of 

sleep, wakefulness, and anesthesia have elucidated the bidi-

rectional relationship between sleep and anesthesia. Neural 

circuits of sleep-wake regulation are affected by anesthetics, 

and, in turn, anesthesia is affected by sleep propensity. Al-

though sleep and anesthesia do not occur simply by the 

same mechanism or neural circuitry, their interaction might 

be important and meaningful for future investigations. Sys-

tematic research on the relationship between sleep distur-

bance and anesthesia is warranted. 
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INTRODUCTION 

Selection and insertion of an endotracheal tube (ETT) of 

appropriate size for airway management during general an-

esthesia in pediatric patients is an essential, albeit challeng-

ing task. The outer diameter of the ETT is very important to 

control leakage and protect from aspiration, while the lu-

men of the ETT is important for ventilation pressure. The 

use of the inner diameter to estimate the optimal ETT size 

has been established clinically. Although traditional age- or 

height-based formulas have been used to determine the 
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ETT size [1], the initial size selected may not be appropriate, 

and replacement may be required. If a very small ETT is in-

serted, there is a risk of inadequate ventilation and de-

creased reliability of end tidal carbon dioxide monitoring. 

There is also a risk of air leakage, anesthetic gas leakage, as-

piration, and high airway resistance [2–5]. Similarly, a very 

large ETT may cause serious complications including air-

way damage, such as ulceration, local ischemia, scar forma-

tion, post-intubation croup, and, in severe cases, subglottic 

stenosis [6,7]. Therefore, this review article aims to discuss 

the advantages and disadvantages of conventional and nov-

This is an Open Access article distributed under the terms of the Creative Commons Attribution Non-Commercial License (http://creativecommons.org/licenses/by-nc/4.0) which permits 
unrestricted non-commercial use, distribution, and reproduction in any medium, provided the original work is properly cited.
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el methods that are used to select an appropriate ETT size 

in pediatric patients.  

PEDIATRIC AIRWAY ANATOMY 

The larynx is mainly funnel-shaped during infancy, with 

the narrowest part being the nondistensible cricoid carti-

lage. According to Eckenhoff [8], the larynx is located be-

tween the pharynx and trachea, and extends from the base 

of the tongue to the cricoid cartilage. It consists of the thy-

roid cartilage, cricoid cartilage, paired arytenoids, epiglottis, 

and corniculate and cuneiform cartilages located around 

the epiglottis. These pieces of cartilage are connected with 

ligaments and affect laryngeal muscle movement. Among 

them, the cricoid cartilage is located below the largest thy-

roid cartilage at the C4 level at birth, before settling at the C5 

level by 6 years of age [9]. Owing to the small size of the cri-

coid cartilage in children, mucosal edema may cause severe 

airway obstruction, and prolonged endotracheal intubation 

increases the risk of subglottic stenosis [10]. The epiglottis is 

wide and runs parallel to the trachea in adults, but is nar-

rower, softer, and relatively horizontal in children [11]. 

Recently, in vivo investigations and review articles have ex-

amined whether the larynx is funnel-shaped in children. 

Holzki et al. [12] reported that when the aryepiglottic, vestibu-

lar, and vocal folds, which constitute the structure of the la-

ryngeal upper airway, are maximally abducted, they have a 

larger opening in the glottis than the outlet of the cricoid ring. 

Moreover, although the pediatric larynx is conical, the 

narrowest part, the rima glottidis, is cylindrical in the antero-

posterior dimension regardless of development, and the cri-

coid ring is slightly elliptical [13,14]. However, based on the 

active contraction of the laryngeal muscles, Litman et al. [15] 

suggested that the narrowest part of the larynx is the trans-

verse dimension at the level of the vocal cords, while the cri-

coid ring is functionally the narrowest part. 

UNCUFFED VS. CUFFED ETTS 

Uncuffed ETTs and cuffed ETTs have advantages and dis-

advantages (Table 1) [13]. Traditionally, uncuffed ETTs have 

been used in children below 8 years old, because the cricoid 

cartilage is the narrowest part in this age range [16]. Litman 

et al. [15] and Dalal et al. [17] found that, as the cricoid carti-

lage is nearly ellipse-shaped, circular uncuffed ETTs may 

cause leakage in the empty anterior and posterior spaces, 

thus possibly putting excessive pressure to the sides [14]. 

Therefore, cuffed ETTs can reduce the number of endotra-

cheal intubation attempts, and if cuff pressure can be main-

tained within a safe range, the risk of airway damage may 

not exceed that of an uncuffed ETT [18–20]. In addition, the 

use of cuffed ETTs reduces the risk of leakage during positive 

pressure ventilation, ensuring patient safety through ade-

quate ventilation and lack of aspiration, and reduces con-

tamination of the surrounding air by inhaled anesthetics 

(Fig. 1) [21–23]. Therefore, the use of cuffed ETTs in children 

is increasing. However, excessive pressure in the cuff can in-

hibit perfusion to the tracheal mucosa and cause postopera-

Table 1. Advantages and Disadvantages of Uncuffed and Cuffed Endotracheal Tubes [13]

Characteristics Uncuffed endotracheal tubes Cuffed endotracheal tubes
Advantages • Larger internal diameter for age • Smaller external diameter for age

- Less resistance to airflow - Less pressure on cricoid mucosa
- Lower breathing load • Improved ventilation and respiratory monitoring
- Reduced blockage by secretions • Fewer attempts of laryngoscopies and intubations
- Easy suctioning • Reduced risk of aspiration

• Minimal mucosal pressure • Reduced air pollution
- Prevents trauma to sub-glottic region

Disadvantages • Several attempts of laryngoscopies and intubations • Smaller internal diameter for age
• Airway injury - Higher resistance to airflow

- Oversized tubes, excessive pressure on cricoid mucosa - Increased blockage by secretions
- Undersized tubes, movement trauma - Difficult suctioning

• Leakage of air • Airway injury
- Incorrect respiratory monitoring - Tracheal rupture
- Increased risk of aspiration - Mucosal ischemia
- Environmental pollution
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tive sore throat, subglottic edema, or stenosis [24–26]. Pedi-

atric ETT cuffs must be very thin to meet the high-volume 

low-pressure standards, and the cuff must be short enough, 

so that its upper boundary is stably positioned in the sub-

glottic region below the cricoid cartilage (Fig. 2) [14]. In ad-

dition, although the tip of the ETT should have a sufficient 

safety margin over the tracheal bifurcation, selection of an 

appropriate ETT is challenging, because the outer diameter, 

size, and location of the cuff vary between manufacturers. 

The cuff may not meet the criteria for high volume and low 

pressure, and the depth may not be marked [27]. 

Microcuff ETTs are a new type of ETTs, which are of poly-

urethane. The cuff is located more distally on the ETT shaft, 

and there is no Murphy’s eye (Fig. 3). Therefore, the cuff may 

be positioned below the non-distensible cricoid ring, where 

a 20 cmH2O inflation pressure maintains a cross-sectional 

area of approximately 150% of the maximal internal tracheal 

cross-sectional area. In the deflated state, the outer diameter 

of the microcuff ETT is minimally increased; therefore, it can 

be safely used in children [28,29]. However, this type of cuff 

has not been introduced in Korea yet. With the development 

of newer polyvinyl chloride high-volume low-pressure 

cuffed ETTs in the late 1990s and ultrathin polyurethane mi-

crocuff ETTs in the early 2000s, the use of cuffed ETTs has 

increased in infants and children weighing ≥  3 kg. While 

most studies on cuffed ETTs in infants only included infants 

≥  3 kg [20,21,30–34], Thomas et al. [33] reported that micro-

cuff ETTs can be safely used in neonates weighing <  3 kg.  

HOW TO SELECT AN APPROPRIATE  
ETT SIZE  

Conventional methods 

The age-based formula suggested by Cole has long been 

used to select the appropriate ETT size in children [35]. 

When an uncuffed ETT is used based on the Cole formula, 

it has a larger internal diameter (ID); therefore, airway re-

sistance, and edema formation caused due to mucosal 

damage by cuff pressure can be reduced [1]. In children >  

2 years old, the Cole formula [ID (mm) =  (age/4) + 4.0]  

can be used to determine the appropriate uncuffed ETT 

Fig. 1. Endotracheal tube (ETT) with cross-sectional circular shape in an elliptical-shaped airway (A) and in a circular airway (B). When 
placed in an elliptical airway, there may be lateral pressure on the mucosa of the trachea, and possible leakage during continuous positive 
airway pressure test above and below the ETT in the anterior-posterior diameter. When a cuff (violet) is inflated in the elliptical airway, the 
airway can be sealed with equal pressure on all aspects of the tracheal wall (C).

Fig. 2. Ideal position of the cuffed endotracheal tube.

Fig. 3. Microcuff endotracheal tube.

AA BB CC
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Vocal cords

Black mark
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size. 

However, a recent study suggested that the pediatric air-

way shape is elliptical, rather than round [28], leading to a 

transition from uncuffed to cuffed ETT use in children. In 

addition, although the ID is standard for each manufacturer, 

selection of an appropriate cuffed ETT size is difficult, be-

cause the outer diameter varies [29,36]. Accordingly, Khine 

et al. [31] suggested a new formula [ID (mm) =  (age/4) + 3.0]  

for the increased outer diameter of a cuffed ETT because of 

the inflatable cuff. However, Duracher et al. [37] recom-

mended a novel formula [ID (mm) =  (age/4) + 3.5]  to select 

the appropriate cuffed ETT size, because Khine’s formula 

was found to underestimate the ETT size by 0.5 mm. Recent-

ly, Manimalethu et al. [38] compared these three formulas 

and found that Duracher’s formula best determined the ap-

propriate size when a cuffed ETT was used. However, appli-

cation of this formula in infants weighing less than 3 kg and 

children under 2 years old is difficult. Khine et al. [31], Mo-

toyama [16] and Salgo et al. [39] suggested the use of cuffed 

ETT sizes according to age (Table 2). 

Newly induced method 

Because age-based formulas in children are not always 

accurate, ETTs with an inner diameter with a 0.5 mm devia-

tion from the calculated size for endotracheal intubation 

should be prepared [1,40]. In cases of an inappropriate ETT 

size, unnecessary endotracheal intubation may be attempt-

ed several times. Various methods for estimating ETT size, 

other than the age-based formula, have been examined and 

suggested. 

1. Chest radiography 

Park et al. [41] conducted a study using uncuffed ETTs in 

537 pediatric patients between 3 and 6 years old and recom-

mended a radiograph-based formula [ID (mm) =  3 + 0.3 ×  

(tra cheal diameter at seventh cervical vertebra)] through 

linear regression modeling. The authors measured the tra-

cheal diameter at the seventh cervical vertebra based on 

chest radiography (Fig. 4) and substituted it into the radio-

graph-based formula. The success rate was higher than that 

of the standard age-based formula [ID (mm) =  (age/4) + 4.0] 

2. Ultrasound 

Ultrasound is a reliable, noninvasive, point-of-care test 

that can be used to evaluate the airway diameter. Recently, 

several studies have investigated the use of ultrasound in 

ETT size selection in children (Table 3) [42–46]. Altun et al. 

[47] reported that the subglottic diameter of the airway, 

measured with ultrasound (Fig. 5) to determine the appro-

priate size of cuffed ETT for children, can be a reliable pa-

rameter. In addition, the use of ultrasound for airway evalu-

ation in children can provide information about subglottic 

airway narrowing and vocal cord movement and help to 

predict a difficult airway [48]. 

However, because the ultrasound-measured airway diam-

eter represents the outer diameter of the ETT, it must be 

converted to the corresponding inner diameter. Therefore, 

the ETT size may vary owing to the different outer diameters 

used between manufacturers. Reportedly, the subglottic an-

teroposterior diameter in children is slightly larger than the 

Table 2. Recommendations for Age-based Cuffed Endotracheal 
Tube Size Selection (mm)

Age (yr) Khine 
et al. [31]

Motoyama 
et al. [16]

Salgo 
et al. [39]

Birth to <  0.5 3.0 3.0 3.0
0.5 to <  1.0 3.0 3.0 3.5
1.0 to <  1.5 3.5 3.5 3.5
1.5 to <  2.0 3.5 3.5 4.0
2.0 to <  3.0 3.5 4.0 4.0
3.0 to <  4.0 4.0 4.0 4.0
4.0 to <  5.0 4.0 4.5 4.5

Fig. 4. ID (mm) = 3 + 0.3 × (tra cheal diameter at at C7 from chest 
radiograph. C7: seventh cervical vertebra, ID: internal diameter.

C7 vertebra
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Table 3. Studies that Examine the Appropriate Pediatric ETT with Ultrasound Measurements

Study Cohort Initial tube size 
selection Tube type Condition Allowed leak pressure Measurement level

Shibasaki et al., 
2010 [45]

n =  192 Age- and height-
based formulas

Cuffed and un-
cuffed

Apnea with no 
CPAP

10–20 cmH2O for uncuffed 
ETT 20–30 cmH2O for 
cuffed ETT

At the lower edge of the 
cricoid cartilage1 mo–6 yr

Bae et al., 2011 
[43]

n =  141 Age-based formulas Uncuffed 10 cmH2O CPAP 15–30 cmH2O At the mid cricoid cartilage 
level<  8 yr

Schramm et al., 
2012 [44]

n =  50 Age-based formulas Uncuffed Apnea with no 
CPAP

15.3–25.5 cmH2O At the narrowest portion of 
the subglottic airway 
(MTDSA)<  5 yr

Kim et al., 2013 
[42]

n =  215 Age-based  
recommendation

Cuffed Apnea No air leakage test At the mid cricoid cartilage 
level1–72 mo

Raphael et al., 
2016 [46]

n =  60 Age-based formulas Uncuffed Apnea 10–20 cmH2O At the lower edge of the 
cricoid cartilage2–15 yr

ETT: endotracheal tube, CPAP: continuous positive airway pressure, MTDSA: minimal transverse diameter of the subglottic airway.

transverse diameter [15,28], the assessment of anteroposte-

rior diameter is limited due to air shadows, and the mea-

surement of transverse diameter at this level may underesti-

mate the actual tracheal diameter [42].  

3. Three-dimensional (3D) airway model 

Park et al. [49] found that prediction of the correct ETT 

size using a 3D-printed airway model demonstrated better 

results than the age-based formula in pediatric patients with 

congenital heart disease. This shows that selection of ETT 

size using a 3D-printed airway model may be feasible to re-

duce the number of reintubation attempts and complica-

tions. However, image quality can be affected by patient res-

piration during computed tomography (CT) scans, and it is 

difficult to apply 3D conversion software programs to air-

way images, compared to solid organs, because of the air 

layer. In addition, image conversion is required through 

the use of several programs and CT (Fig. 6); however, it 

cannot be used to quickly determine the size of the ETT 

because of the time required implementation of 3D image. 

It is also limited in its ability to identify a difference from 

the proper size of the ETT, because it is less compliant after 

printing and fixing at room temperature.   

CONCLUSION 

The age-based formula presented by Cole [ID (mm) =  

(age/4) + 4.0] has long been used to select the appropriate 

ETT size in children. This formula is suitable for uncuffed 

ETTs; however, recent changes in the understanding of pe-

diatric airway anatomy, redefined the use of cuffed ETTs. 

Cuffed ETTs can reduce the number of endotracheal intu-

bation attempts, and if cuff pressure can be maintained 

within a safe range, the risk of airway damage may not in-

crease, compared to an endotracheal tube without a cuff. 

When estimating cuffed ETT size using an age-based for-

mula, Duracher’s formula [ID (mm) =  (age/4) + 3.5]  is 

more accurate. However, a tube 0.5 mm larger or smaller 

than the calculated size should always be possible to use. 

Because age-based formulas in children are not always ac-

curate, various methods for estimating ETT size, such as 

chest radiography, ultrasound, and three-dimensional air-

way models, have been investigated. However, these meth-

ods have several limitations, and further studies are war-

Fig. 5. Ultrasonographic measurement of the transverse subglottic 
diameter of the cricoid cartilage. The cricoid cartilage appears as a 
round hypoechoic structure with hyperechoic edges, composed of 
perichondrium. The transverse subglottic diameter is determined 
by measuring the dimension of the air-mucosa interface (between 
the two white crosses) within the bilateral inner margin of the 
cricoid cartilage.
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ranted to ensure proper use in clinical situations. 
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INTRODUCTION 

Percutaneous epidural neuroplasty (PEN) involves lysis of 

epidural adhesions using a solution injection, such as hy-

pertonic saline or hyaluronidase and/or by mechanical 

means, with a specially designed catheter or epiduroscope 

[1]. It can lyse friable epidural adhesions using a combina-

tion of hydrostatic and mechanical forces [2], resulting in 
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Percutaneous epidural balloon neuroplasty (PEBN) can be used to perform balloon decom-
pression combined with percutaneous epidural neuroplasty (PEN), leading to significant 
pain relief and functional improvement in patients with lumbar spinal stenosis. Several 
studies have demonstrated the effectiveness of PEBN and supported its relatively long-term 
outcomes (at least 6 months, sustained for up to 12 months). Balloon neuroplasty appears 
to be superior to conventional PEN. Moreover, it has been shown to be effective in patients 
unresponsive to conventional PEN or in those with post lumbar surgery syndrome. In addi-
tion, balloon neuroplasty achieved successful outcomes regardless of the approach used, 
such as retrodiscal, transforaminal, contralateral interlaminar, or caudal. Chronic lumbar ra-
dicular pain without back pain, neurogenic claudication, and minimal neuropathic compo-
nent were favorable predictors of successful PEBN from a symptomatic perspective. A short 
duration of pain after lumbar surgery, lumbar foraminal stenosis caused primarily by degen-
erative disc, mild foraminal stenosis, and perineural adhesion by degenerative discs were 
associated with successful outcomes of PEBN from pathological aspects. Ballooning ≥ 50% 
of the target sites and complete contrast dispersion after ballooning seemed to be crucial 
for successful outcomes from a technical perspective. In addition, PEBN was effective re-
gardless of the accompanying redundant nerve roots or a mild degree of spondylolisthesis. 
Studies on balloon neuroplasty have reported occasional minor and self-limiting complica-
tions; however, no PEBN-related significant complications have been reported. Given the 
present evidence, balloon neuroplasty appears to be a safe and effective procedure with 
minimal complications for the treatment of lumbar spinal stenosis.

Keywords: Adhesiolysis; Low back pain; Lumbar spinal stenosis; Neuroplasty; Radiculopa-
thy.

ablation of inflamed and innervated membranes [3,4] and 

alleviation of perineural inflammation and edema, thereby 

reducing axial back pain or radiculopathy [5]. Several stud-

ies have shown that PEN is an effective treatment for chronic 

low back and/or lower extremity pain that does not respond 

to conservative treatment, including epidural injections 

[1,6,7]. Since the development of a specialized epidural 

catheter by Dr. Racz (Racz catheter; Fig. 1A) for percutane-

This is an Open Access article distributed under the terms of the Creative Commons Attribution Non-Commercial License (http://creativecommons.org/licenses/by-nc/4.0) which permits 
unrestricted non-commercial use, distribution, and reproduction in any medium, provided the original work is properly cited.
Copyright © the Korean Society of Anesthesiologists, 2022
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ous epidural adhesiolysis in the early 1980s [8,9], various 

epidural catheters for epidural adhesiolysis have been de-

veloped, such as a nerve stimulating catheter (EpiStim® 

Catheter, Sewoon Medical Co. Ltd., Korea; Fig. 1B) [10], a 

more steerable navigation catheter (NaviCath®, Myelotec, 

USA; Fig. 1C) [11], or a Zigzag-motion Inflatable Neuroplasty 

(ZiNeu®) catheter (JUVENUI, Korea; Fig. 1D) [12]. More in-

vasively, lysis of adhesion can be performed by epidurosco-

py with direct visualization of the pathology [5]. The effec-

tiveness of PEN for the treatment of chronic refractory symp-

toms in degenerative spinal diseases is relatively well-estab-

lished [1,6,13]. However, the long-term effects (i.e., over six 

months) of conventional PEN using Racz catheter, NaviCath, 

and EpiStim are uncertain and unclear [14]. In other words, 

the treatment effectiveness of PEN is sometimes limited in 

some cases of chronic refractory pain. 

Among the epidural catheters for epidural adhesiolysis, a 

balloon-inflatable epidural catheter enables the most ad-

vanced procedure. Briefly, percutaneous epidural balloon 

neuroplasty (PEBN) is a combination of balloon decompres-

sion (mechanical detachment of a perineural adhesion us-

ing a balloon) and conventional PEN [12,15]. Based on a 

randomized study of transforaminal balloon decompression 

using the Fogarty catheter, which is designed for angioplas-

ty, in patients with refractory lumbar foraminal stenosis 

[16,17], a balloon-inflatable catheter was developed for bal-

loon neuroplasty [12]. It can perform a unique balloon de-

compression procedure in addition to conventional epidural 

adhesiolysis, yielding significant pain relief and functional 

improvement in patients with chronic lumbar radicular 

and/or low back pain [12,15]. Notably, these improvements 

were sustained up to 12 months after the procedure in a 

meaningful proportion of patients with chronic lumbar ra-

dicular/back pain [15,18]. Moreover, PEBN was effective in 

patients with chronic lumbar radicular and/or low back pain 

who were unresponsive to conventional PEN [19]. 

Despite several studies on balloon neuroplasty providing 

evidence of treatment for chronic lower extremity and/or 

low back pain, several questions remain unanswered re-

garding potential responders, spine pathophysiology suit-

Fig. 1. Various epidural catheters for percutaneous epidural neuroplasty. (A) Racz catheter, (B) EpiStim® catheter, (C) NaviCath®, (D) ZiNeu® 
catheter.
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able for the procedure, and safety of balloon neuroplasty. 

Although the technical details of PEBN, which are different 

from those of PEN, are another important issue to deal with, 

we will not discuss them here. Thus, this narrative review of 

the current evidence aimed to answer the unsolved ques-

tions regarding PEBN. 

EVIDENCE OF THE EFFECTIVENESS OF 
BALLOON NEUROPLASTY IN PATIENTS 
WITH CHRONIC LUMBAR RADICULAR 

AND/OR BACK PAIN 

Epidural adhesiolysis with a balloon catheter to treat failed 

back surgery syndrome was first reported in 2004 by Song 

and Lim [20]. They reported that, among the various existing 

catheters that can inflate the balloon, the Fogarty catheter 

was only useful for removing epidural adhesions. Since the 

first randomized controlled trial of transforaminal balloon 

neuroplasty in patients with chronic lumbar foraminal ste-

nosis was performed [17], several prospective and retrospec-

tive studies have been conducted to assess the effect of bal-

loon neuroplasty in patients with chronic lumbar radicular 

pain and/or back pain (Tables 1, 2). Kim et al. [17] demon-

strated that transforaminal balloon decompression using the 

Fogarty catheter leads to significant pain relief, improvement 

of functional status, and longer claudication distance for 3 

months compared with sham in a double-blind, random-

ized, active controlled trial. In 2016, Choi et al. [15] showed 

that PEBN using the ZiNeu catheter was effective in chronic 

refractory spinal stenosis; successful responders who 

showed substantial pain relief ( ≥  50% reduction from base-

line) or moderate pain relief ( ≥  30% reduction from base-

line) with functional improvement from baseline were 72, 

61, 57, and 36% of the patients at 1, 3, 6, and 12 months, re-

spectively. The estimated mean pain intensity of leg and 

back pain in the 11-point numerical rating scale (NRS) was 

decreased from baseline 5.2 and 6.8 to 3.6 and 4.0 at 12 

months after PEBN, respectively. Similar changes were ob-

served in the Oswestry disability index evaluating functional 

status over 12 months after the procedure (from 47.1 to 21.6). 

This multicenter, single-arm, prospective observational 

study demonstrated that pain relief and functional improve-

ment after PEBN might persist for up to 12 months in chron-

ic refractory spinal stenosis, although considerable fol-

low-up loss is a major limitation [15]. Patients who partici-

pated in these two studies presented levels 1–2 (e.g., L4-5 

central, unilateral L5 foraminal, or L4-5 central with unilat-

eral L5 foraminal) of lumbar spinal stenosis. In actual clini-

cal practice, many patients have spinal stenosis of level 3 

(e.g., L4-5 and L5-S1 central with both L5 foramina) or high-

er. In other words, balloon neuroplasty has many potential 

target sites. Therefore, a multicenter observational study was 

conducted to evaluate the effectiveness of PEBN in re-

al-world clinical settings [21]. This multicenter prospective 

observational study showed that PEBN led to significant 

pain relief and functional improvement lasting at least 6 

months in patients with chronic refractory spinal stenosis, 

with successful responders (similar to the above definition) 

of 66, 63, and 51% of the patients at 1, 3, and 6 months in the 

above 85% balloon success rate group, respectively. Different 

departments (anesthesiology, orthopedics, and neurosur-

gery) of five hospitals were included in this multicenter 

study with a relatively large cohort (n =  275) and the same 

protocol, thereby strengthening the robustness of the results. 

Importantly, this multicenter study suggested that a more 

successful balloon adhesiolysis for multiple target lesions 

may result in a better clinical outcome at least 6 months af-

ter treatment [21]. 

A question may arise as to whether there is a difference in 

the effectiveness of conventional PEN and PEBN. Interest-

ingly, in 2018, a retrospective study revealed that PEBN was 

also effective for 6 months after the procedure in patients 

with intractable lumbar spinal stenosis who were unrespon-

sive to conventional PEN [19]. A randomized controlled 

study can provide a clearer explanation for the difference in 

the effectiveness of conventional PEN and PEBN. Karm et al. 

[22] evaluated whether balloon neuroplasty could be more 

effective than conventional PEN for refractory central lum-

bar spinal stenosis. This randomized controlled trial com-

paring balloon neuroplasty with ZiNeu catheter and con-

ventional PEN using the Racz catheter reported that suc-

cessful responders were significantly higher in balloon neu-

roplasty than in conventional PEN (58% vs. 25%, P =  0.035) 

at 6 months after the procedure. However, the small number 

of participants (n =  44) limits the generalizability of this 

study. Because epidural adhesion typically occurs after spi-

nal surgery, one may be curious about the effect of balloon 

neuroplasty in patients with post lumbar surgery syndrome. 

Moreover, PEBN was relatively effective in patients with post 

lumbar surgery syndrome; successful responders (similar to 

the above definition) after balloon neuroplasty were 32, 25, 

and 22% of the patients at 1, 3, and 6 months, respectively 

[23]. 

Various studies have been performed from the perspective 
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of the target lesion and methodology for balloon neuroplas-

ty. In a case series of 22 patients with chronic lumbar radicu-

lar pain, retrodiscal balloon adhesiolysis through Kambin’s 

triangle reduced radicular pain for at least 3 months (from 

baseline mean NRS 7.1 ±  1.4 to 3.8 ±  2.1) [24]. A small ran-

domized controlled trial in patients with chronic L5 radicu-

lopathy focused on whether the approach methods for 

transforaminal balloon neuroplasty (Safe triangle vs. Kam-

bin’s triangle) could affect the clinical outcome; there were 

no significant differences in pain, functional capacity, and 

the success rate up to 3 months between the two approaches 

[25]. However, these studies had small sample sizes, which 

may have weakened the power of their study. Another small 

case series (n =  22) also showed that balloon neuroplasty 

was successfully achieved via the contralateral interlaminar 

approach, leading to significant pain reduction in 59% of pa-

tients at post-procedural 6 months [26]. 

FACTORS ASSOCIATED WITH 
FAVORABLE OUTCOMES AFTER 

BALLOON NEUROPLASTY 

The factors associated with outcomes after balloon neuro-

plasty can be classified into symptomatic, pathological, and 

procedural aspects, as summarized in Table 3. A previous 

study found that age ≥  81 years and baseline 11-point nu-

merical rating scale score ≤  9 were associated with positive 

outcomes after conventional PEN [27]. However, chronic ra-

dicular pain without lower back pain, neurogenic intermit-

tent claudication, and minimal neuropathic components 

(e.g., diabetic neuropathy) were predictive factors for favor-

able outcomes after balloon neuroplasty from symptomatic 

aspects [15,17,19,22]. A multicenter, single-arm, prospective 

observational study revealed that diabetes and low back 

pain coexisting with radicular pain were independently as-

sociated with negative outcomes after PEBN (odds ratio [OR] 

=  0.080 and 0.799, respectively) [15]. In post lumbar surgery 

syndrome, a short duration of pain ( <  14 months) after lam-

inectomy may be associated with a favorable outcome after 

balloon neuroplasty [23].  

It is well known that lumbar spinal stenosis is caused by a 

combination of spinal pathologies such as decrease in the 

height of an intervertebral disc, thickened ligamentum fla-

vum, facet arthritis or hypertrophy, and osteophytes [28]. In-

formation on which component among these pathologies is 

related to the effectiveness of the procedure would help con-

siderably in selecting a candidate for the procedure. In 

transforaminal balloon neuroplasty, factors causing stenosis 

other than degenerative disc herniation may be associated 

with poor responses 3 months after balloon neuroplasty (OR 

=  0.327, P =  0.018) [29]. It has been reported that chronic 

low back and/or leg pain in patients with lumbar spinal ste-

nosis caused by herniated intervertebral discs can be suc-

cessfully decreased by retrodiscal balloon adhesiolysis 

through Kambin’s triangle [24]. These results suggest that 

perineural adhesion by degenerative discs can be success-

fully treated using balloon neuroplasty. Furthermore, a large 

multicenter prospective observational study revealed that 

mild (to moderate) foraminal stenosis was an independent 

factor associated with a successful response (OR =  2.829, P 

=  0.006) after PEBN [30]. Interventional pain physicians may 

also wonder if other spinal pathologies co-exist with lumbar 

Table 3. Associated Factors with Favorable Outcomes after Balloon Neuroplasty

Related symptoms
- Chronic radicular pain without or less lower back pain
- Neurogenic intermittent claudication
- Minimal neuropathic component (e.g., diabetic neuropathy)
- Less than 14 months of pain duration in post-lumbar surgery syndrome
Pathological aspects*
- Lumbar foraminal stenosis mainly caused by degenerative disc
- Mild (to moderate) degree of lumbar foraminal stenosis
- Perineural adhesion by degenerative disc (e.g., herniated disc)
Procedural aspects
- Accurate balloon procedure at the target lesion site (regardless of the approach)
- Ballooning more than 50% target sites, if multiple target lesions to be ballooned
- Complete contrast dye spread after ballooning (resolution of filling defect)

*Concomitant pathology with lumbar spinal stenosis, such as redundant nerve roots or spondylolisthesis, may not affect the clinical 
outcomes of balloon neuroplasty.
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spinal stenosis, such as redundant nerve roots and spondy-

lolisthesis, which may affect the effectiveness of PEBN. A re-

cent large longitudinal cohort study of more than 1,000 pa-

tients demonstrated that PEBN alleviated pain intensity and 

improved functional capacity for 6 months in patients with 

chronic lumbar spinal stenosis, regardless of the accompa-

nying redundant nerve roots or mild degree of spondylolis-

thesis (P <  0.001) [31,32]. 

In previous studies on conventional PEN, there was no as-

sociation between technical factors and clinical outcomes 

[11,27]. Two prospective observational studies of PEBN 

showed that ballooning more than 50% of target sites and 

complete contrast medium dispersion after ballooning 

could be of crucial importance for successful outcomes 

[18,21]. These results indicated that correct placement of the 

balloon-inflatable catheter at the target lesion and skillful 

manipulation of the instrument might be encouraged for 

achieving favorable outcomes. In addition, regardless of ap-

proaching methods, such as retrodiscal [24,25], transforam-

inal [17], contralateral [26], or caudal [15,19,21,22], the pa-

tient's symptoms seem to improve for at least 3–6 months if 

PEBN is performed on the exact target site(s). 

COMPLICATIONS 

In the literature, the most common complication of con-

ventional PEN was intravascular injection (11.6%) among 

minor complications [33]. Bent needle tip, intrathecal place-

ment of the catheter, transient nerve irritation, dural punc-

ture, torn catheter during withdrawal, and post-dural punc-

ture headache were reported at 4.8, 4.4, 1.9, 1.8, 1.2, and 

0.12%, respectively [33–35]. Profuse bleeding, epidural he-

matoma, meningitis, and epidural abscess among major 

complications were rare but occurred at 1.0, 0.1, 0.5, and 

1.2%, respectively [33,35,36]. In balloon neuroplasty, the 

most common complication was transient pain aggravation 

[15,17,19], which was mainly insignificant and relieved 

spontaneously without any neurological sequelae. However, 

the patients may be uncomfortable and complain of tran-

sient pain aggravation for several postprocedural days up to 

weeks. In our experience, this transient pain can be reduced 

to some degree by appropriate opioid administration and 

light epidural anesthesia during the procedure. Dural punc-

ture is an important procedural complication, because once 

the damage of dura mater is suspected, subsequent proce-

dures must be stopped to prevent further complications. 

Two large multicenter prospective observational studies re-

ported detailed complications after PEBN [21,30]. Dural 

puncture (3.3–3.9%) was the most common, followed by disc 

injection (2.2%). Subdural injection was observed at 1.8–

1.9%. Incidence of intravascular injection (1.4–1.5%) was 

relatively low compared with conventional PEN. Hypoten-

sion was also observed at 1.5–1.9%. In patients with post 

lumbar surgery syndrome, the incidence of dural puncture 

(8.8%) was more than twice compared with those who have 

not undergone lumbar surgery [23]; the incidence was simi-

lar to that (8.7%) of conventional PEN in this specific popu-

lation [37]. Although three patients underwent temporary 

weakness in a recent large cohort analysis, all patients com-

pletely recovered without neurologic deficits [31]. A total of 

14 studies on balloon neuroplasty published until now did 

not report any major complication. All reported complica-

tions after balloon neuroplasty were minor and self-limiting. 

Therefore, PEBN can be considered a safe procedure based 

on the evidence to date, although external validation is nec-

essary. 

STRENGTH AND LIMITATION 

Although several review articles and meta-analyses have 

shown that PEN is an effective treatment for chronic refrac-

tory low back and lower extremity pain, there is a lack of evi-

dence on spinal stenosis [1,6,7]. However, most studies on 

balloon neuroplasty have been conducted in chronic lum-

bar central and/or foraminal spinal stenosis, which could 

strengthen the evidence of balloon neuroplasty for the treat-

ment of lumbar spinal stenosis. In addition, considering the 

unclear long-term effects of conventional PEN, PEBN pro-

vided a relatively long-term effect (at least 6 months) in most 

studies. Two prospective observational studies described 

significant pain relief and functional improvement up to 12 

months [15,18]. Moreover, other pathological findings (re-

dundant nerve roots or spondylolisthesis) accompanying 

lumbar spinal stenosis may have less influence on the clini-

cal outcomes of balloon neuroplasty [31,32]. 

However, there are some limitations to studies on balloon 

neuroplasty. First, although three randomized controlled 

studies were conducted, the sample size was less than 30 

patients per group. This could have weakened the power 

and validity of the results. Second, considerable follow-up 

loss resulted in significant limitations despite the analyses of 

large-cohort observational studies. Third, most studies were 

conducted at a single institution. Therefore, additional ex-

ternal validation of the effects and safety of PEBN is required 
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in the future. Finally, although multicenter studies were per-

formed, confined populations, such as Koreans or patients 

with lumbar spinal stenosis, and the specific hospitals where 

the studies were conducted could limit the generalizability 

of the effectiveness of PEBN. Therefore, further studies are 

needed to verify the effects of balloon neuroplasty in other 

populations and hospitals. 

CONCLUSION 

Balloon neuroplasty is a specialized epidural neuroplasty 

with a balloon-inflatable epidural catheter, which can relieve 

refractory radicular and/or low back pain and ensure func-

tional improvement in patients with chronic lumbar spinal 

stenosis. Its effectiveness has been supported by several ran-

domized controlled studies, multicenter observational stud-

ies, and large-cohort retrospective studies. Notably, these 

clinical improvements may be sustained for up to 12 

months, and PEBN may be effective in patients unrespon-

sive to conventional PEN or post lumbar surgery syndrome. 

Minor and self-limiting complications occurred; however, 

no major PEBN-related complications have been reported. 

Considering this evidence, PEBN seems to be a safe and ef-

fective procedure with minimal complications for the treat-

ment of chronic refractory radicular and/or low back pain, 

although further research is needed. To validate and gener-

alize the usefulness of balloon neuroplasty, well-designed 

randomized controlled studies with sufficient sample sizes 

are required. 
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Background: Clearance of the sugammadex-rocuronium complex is limited to renal excre-
tion. There are restrictions on the use of sugammadex in patients with severe renal impair-
ment. A paucity of data supports the clinical safety of sugammadex in patients with renal 
impairment. We analyzed mortality after using sugammadex in patients with end-stage renal 
disease to establish evidence of safety for sugammadex. 

Methods: We retrospectively collected the medical records of 2,134 patients with end-stage 
renal disease who were dependent on hemodialysis and underwent surgery under general 
anesthesia between January 2018 and December 2019. Propensity score matching was 
used. The primary outcome was the 30-day mortality rate, and secondary outcomes were 
the 1-year mortality rate and causes of death. 

Results: A total of 2,039 patients were included in the study. Sugammadex was adminis-
tered as a reversal agent for rocuronium in 806 (39.5%) patients; the remaining 1,233 
(60.5%) patients did not receive sugammadex. After matching, 1,594 patients were ana-
lyzed; 28 (3.5%) of the 797 patients administered sugammadex, and 28 (3.5%) of the 797 
patients without sugammadex, died within 30 days after surgery (P > 0.99); 38 (4.8%) of 
the 797 patients administered sugammadex, and 45 (5.7%) of the 797 patients without 
sugammadex, died within 1 year after surgery (P = 0.499). No significant differences in the 
causes of 30-day mortality were observed between the two groups after matching (P = 
0.860).

Conclusions: In this retrospective study, sugammadex did not increase the 30-day and 
1-year mortality rate after surgery in end-stage renal disease patients. 

Keywords: Dialysis; End-stage renal disease; Mortality; Neuromuscular blockade; Sugam-
madex.  
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INTRODUCTION 

Sugammadex (Bridion, Merck Sharp and Dohme Corp., 

USA) is a reversal agent for steroidal neuromuscular block-

ing agents, such as rocuronium and vecuronium [1]. This 

drug directly reverses the neuromuscular-blocking effect of 

rocuronium by encapsulating the drug molecules. Any 

depth of neuromuscular blockade is reversed by an effective 

dose of sugammadex [2,3]. Conventional reversal agents, 

such as acetylcholinesterase inhibitors, do not have a direct 

reversal effect; these agents inhibit the breakdown of acetyl-

choline at the neuromuscular junction and thus indirectly 

enhance recovery from neuromuscular blockade [4]. 

Sugammadex is the only complete antagonist for rocuroni-

um and vecuronium. 

Sugammadex is not metabolized at all or only minimally 

metabolized, and is excreted rapidly by the kidney in healthy 

patients [5]. Highly significant correlations have been report-

ed between plasma sugammadex and creatinine clearance, 

and between rocuronium and creatinine clearance in pa-

tients administered with rocuronium and sugammadex [6]. 

Rocuronium is eliminated by biliary and renal excretion, but 

clearance of rocuronium is limited to renal excretion when 

encapsulated by sugammadex [2]. 

The US Food and Drug Administration does not recom-

mend the use of sugammadex in patients with severe renal 

impairment [7]. Although high-flux dialysis effectively re-

moves sugammadex and the sugammadex–rocuronium 

complex, low-flux dialysis, which is a less common form of 

dialysis, does not significantly reduce the plasma concentra-

tion of sugammadex [5,8,9]. Therefore, reactivation of rocu-

ronium due to dissociation of the rocuronium–sugammadex 

complex, the reappearance of neuromuscular blocking, and 

other as-yet-unknown adverse effects of residual sugamma-

dex in plasma, such as long-term adverse immunological ef-

fects, are matters of concern. Several studies have been per-

formed on the safety and efficacy of sugammadex in patients 

with renal impairment [10–15]. Despite the concerns de-

scribed previously, clinicians often use sugammadex in pa-

tients with end-stage renal disease (ESRD) due to the bene-

fits of sugammadex and based on several studies demon-

strating its safety in patients with ESRD. This study was con-

ducted to establish further evidence of the safety of sugam-

madex in patients with ESRD, by comparing 30-day mortali-

ty after surgery between the patients who received sugam-

madex and those who did not. 

MATERIALS AND METHODS 

The Institutional Review Board (IRB) approved this retro-

spective observational study (no. SCHUH 2020-08-007). The 

data analysis plan was filed with the IRB before any data 

were accessed. The requirement for informed consent was 

waived because of the retrospective study design. This arti-

cle follows the Strengthening the Reporting of Observational 

Studies in Epidemiology guidelines [16]. 

We retrospectively collected the medical records of all pa-

tients with ESRD aged 18–90 years who were dependent on 

hemodialysis and underwent surgery under general anes-

thesia at a university hospital between January 2018 and De-

cember 2019. Patients who underwent emergency, cancer, 

cardiac, or transplantation surgery were excluded. The last 

surgery was included in the analysis when patients under-

went multiple surgeries during the study period. 

A total of 2,134 patients were eligible for this study, and 

their electronic medical records of the hospital were re-

viewed. Data on demographics (age, sex, and body mass in-

dex), preoperative laboratory tests (hemoglobin, platelet, in-

ternational normalized ratio, activated partial thromboplas-

tin time, blood urea nitrogen, creatinine, plasma sodium 

[Na], plasma potassium [K], plasma chloride [Cl], plasma al-

bumin, plasma calcium [Ca], plasma phosphorus [P], hemo-

globin A1c, aspartate aminotransferase [AST], and alanine 

aminotransferase [ALT]), comorbidities (hypertension, atrial 

fibrillation, current angina, previous myocardial infarction 

[MI], previous congestive heart failure, valvular heart dis-

ease, dilated cardiomyopathy, previous cerebrovascular at-

tack, chronic obstructive pulmonary disease, and diabetes 

mellitus), left ventricular ejection fraction, anesthetic dura-

tion, the volume of intraoperative crystalloids, colloids ad-

ministered, and blood loss, intraoperative transfusion, and 

packed red blood cells unit of transfusion were collected. 

The preoperative laboratory tests were conducted after di-

alysis. Patients who received sugammadex were included in 

the sugammadex group, and those who did not were in-

cluded in the non-sugammadex group. The primary out-

come was 30-day mortality according to the sugammadex 

administration, and the secondary outcomes were the 

1-year mortality rate and causes of death according to the 

sugammadex administration. Mortality data were obtained 

from patient electronic medical records, and by submitting a 

data request to the Korean National Statistical Office (Micro-

data Integrated Service: https://mdis.kostat.go.kr). The mor-

tality data of citizens of the Republic of Korea are compre-
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hensively managed through resident registration numbers, 

as reflected in our statistics.  

Our institution has a general anesthetic protocol. After 

placing the patient on the operating table, devices for elec-

trocardiography, pulse oximetry, noninvasive blood pres-

sure monitoring, neuromuscular transmission (NMT, Gen-

eral Electric Healthcare, Finland), and the bispectral index 

(BIS, Aspect Medical Systems, USA) were attached. Volatile 

anesthesia or total intravenous anesthesia was selected by 

the assigned anesthesiologist. 

Volatile anesthesia was induced with 2% lidocaine (40 mg), 

1% propofol (1–1.5 mg/kg), and rocuronium (0.6 mg/kg); if 

needed, remifentanil was administered using a target-con-

trolled infusion system (Orchestra Primea, Fresenius Kabi 

AG, Germany) at a concentration of 0–6 ng/ml. Sevoflurane 

or desflurane was used for maintenance, and their doses 

were adjusted to maintain a BIS value of 40–60.

In cases of total intravenous anesthesia, 2% propofol and 

remifentanil were used to induce and maintain anesthesia 

using a target-controlled infusion system; the same regimen 

was used for lidocaine and rocuronium. The target-con-

trolled infusion of propofol was adjusted (2–5 μg/ml) to 

maintain a BIS value of 40–60, and remifentanil was admin-

istered (0–6 ng/ml) during the operation. In both protocols, 

4 mg of intravenous ephedrine or 50 μg of phenylephrine 

was used as necessary. Train-of-four monitoring using 

NMT continued throughout the whole period of anesthesia, 

but additional rocuronium was administered only when the 

patient moved or resisted mechanical ventilation, even if 

the train-of-four count exceeded 2. Fentanyl (0.3–0.5 μg/kg) 

was administered at the beginning of skin closure. At the 

end of the surgery, 0.2 mg/kg of pyridostigmine, and 5 μg/

kg of glycopyrrolate or 1–2 mg/kg of sugammadex, was ad-

ministered. The choice of reversal agent was at the discre-

tion of the anesthesiologist. After confirmation of adequate 

reversal of neuromuscular blocking using NMT (train-of-

four T4/T1 ratio of 0.9), the patient was extubated or the su-

praglottic airway was removed. After transfer to the post-an-

esthetic care unit, patients were observed for the presence 

of residual symptoms or the reappearance of neuromuscu-

lar blocking, and received an opioid or antiemetic as neces-

sary. Patients transferred to the intensive care unit followed 

the post-operative patient management policy of the inten-

sive care unit. Our institution uses only low-flux dialysis, and 

all patients received dialysis on postoperative day 0 or 1. 

Patient demographics, comorbidities, laboratory test re-

sults, intraoperative recordings, and the 30-day and 1-year 

mortality rates were compared between the sugammadex 

and non-sugammadex groups using Mann–Whitney U test 

for continuous variables, and the chi-square (except for ‘di-

lated cardiomyopathy’) or Fisher’s exact test (only for ‘dilated 

cardiomyopathy’) for categorical data. The Shapiro–Wilk test 

was used to assess the normality of the data distribution. 

The propensity score matching method was used to correct 

for selection bias and adjust for confounding factors [17]. 

The factors included were a history of hypertension, atrial 

fibrillation, current angina, previous MI, previous congestive 

heart failure, valvular heart disease, dilated cardiomyopathy, 

previous cerebrovascular attack, chronic obstructive pulmo-

nary disease, diabetes mellitus, and variables with signifi-

cant differences (P <  0.05) between the groups. First, the 

propensity score matching method was used to balance the 

covariates between the two groups. All patients were 

matched in a 1:1 ratio in order of nearest neighbor. The cali-

per of nearest neighbor matching was 0.1. At this time, it was 

evaluated using standard mean difference (SMD), and 0.1 

was considered for the success of matching. Second, covari-

ates with SMD values greater than 0.1 were used as adjust-

ment variables for the final model. The SMD was used to 

evaluate the covariates; those with a SMD ≥  0.1 were con-

sidered significant.  

After confirming that the groups were well-matched, lo-

gistic regression was performed to determine whether 

sugammadex was associated with an increase in 30-day and 

1-year mortality. If the SMD was ≥  0.1 after propensity score 

matching, it was included in the final model as a covariate. 

The results of the univariable and multivariable logistic re-

gression analyses are presented as odds ratios (ORs) with 

95% confidence intervals (CIs). All statistical analyses were 

performed using Rex software (version 3.0.3, RexSoft Inc., 

Korea) [18] based on R (version 4.0.0, R Foundation for Sta-

tistical Computing, Austria), and a 2-sided P value <  0.05 

was considered significant. 

RESULTS 

Among 2,134 patients with ESRD who underwent surgery 

under general anesthesia, 2,039 were enrolled in the analysis 

(Fig. 1). Sugammadex was administered as a reversal agent 

for rocuronium in 806 (39.5%) patients, while 1,233 (60.5%) 

patients did not receive sugammadex. During propensity 

score matching, 12 patients were excluded because of miss-

ing data, and 2,027 were included in the matching. After 

propensity score matching, 797 patients were assigned to 
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the sugammadex group and 797 patients to the non-sugam-

madex group (Fig. 1). 

Table 1 shows the characteristics of the patients before 

and after propensity score matching, respectively. Age, sex, 

current angina, previous congestive heart failure, valvular 

heart disease, left ventricular ejection fraction, preoperative 

post-dialysis plasma K, Cl, albumin, and P, the amount of in-

traoperatively administered crystalloid, anesthetic duration 

and intraoperative transfusion were significantly different 

between the groups before matching. Because preoperative 

echocardiography was not performed in all patients, it was 

not considered in the matching process. No significant dif-

ference was observed between the groups after matching. As 

the number of patients who received blood transfusion was 

too small for propensity score matching, it was not consid-

ered in the matching process, but was included in the re-

gression analysis. The SMD of factors with P <  0.05 (age, sex, 

plasma K, Cl, albumin and P, amount of intraoperatively ad-

ministered crystalloid, and anesthetic duration) and of co-

morbidities (hypertension, atrial fibrillation, current angina, 

previous MI, previous congestive heart failure, valvular heart 

disease, dilated cardiomyopathy, previous cerebrovascular 

attack, chronic obstructive pulmonary disease, and diabetes 

mellitus) were calculated. The factors including a history of 

hypertension, atrial fibrillation, current angina, previous MI, 

previous congestive heart failure, valvular heart disease, di-

lated cardiomyopathy, previous cerebrovascular attack, 

chronic obstructive pulmonary disease, diabetes mellitus, 

and variables with significant differences (P <  0.05) between 

the groups[age, sex, plasma K, Cl, albumin, and P, amount of 

intraoperatively administered crystalloid, and anesthetic 

duration] were used in propensity score matching. After 

matching, all covariates except for the amount of intraopera-

tively administered crystalloid, anesthetic duration, and 

transfusion had a SMD <  0.1 in all 1,594 patients (Table 1, 

Supplementary Fig. 1). 

Table 2 shows the 30-day and 1-year mortality rates of 

both groups before and after propensity score matching. No 

significant difference in the 30-day or 1-year mortality rate 

was observed between the two groups before or after match-

Fig. 1. Flow chart of the study. ESRD: end-stage renal disease.

Patients with ESRD underwent
surgery under general anesthesia

(n = 2,134)
(from Jan. 2018 to Dec. 2019)

Total 
(n = 2,039)

Sugammadex 
(n = 806)

Missing value 
excluded
(n = 9)

Missing value 
excluded
(n = 3)

Sugammadex 
(n = 797)

Sugammadex 
(n = 797)

Non-sugammadex 
(n = 1,233)

Non-sugammadex 
(n = 1,230)

Propensity score
matching

Non-sugammadex 
(n = 797)

Exclusion criteria (total, n = 95)
· Emergency surgery (n = 38)
· Cancer surgery (n = 14)
· Cardiac surgery (n = 16)
· Transplantation surgery (n = 27)
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ing. After matching, 1,594 patients were analyzed; 28 (3.5%) 

of the 797 patients administered sugammadex, and 28 

(3.5%) of the 797 patients without sugammadex, died within 

30 days after surgery (P >  0.99); 38 (4.8%) of the 797 patients 

administered sugammadex, and 45 (5.7%) of the 797 pa-

tients without sugammadex, died within 1 year after surgery 

(P =  0.499) (Table 2). Additionally, no significant differences 

in the causes of 30-day mortality were observed between the 

two groups before matching (P =  0.982) or after matching (P 

=  0.860) (Fig. 2). The unadjusted OR of sugammadex for 30-

day mortality was 1.01 (95% CI 0.59 to 1.72). The adjusted 

OR of sugammadex for 30-day mortality was 0.94 (95% CI 

0.55 to 1.62), while for 1-year mortality it was 0.80 (95% CI 

0.51 to 1.26) (Table 3).  

Table 2. Comparison of 30-day and 1-year Mortality after Surgery between the Sugammadex and Non-sugammadex Groups Before and After 
Propensity Score Matching

Variables Total Sugammadex Non-sugammadex P value
Before propensity score matching n =  2,039 n =  806 n =  1,233

30-day mortality 62 (3.0) 29 (3.6) 33 (2.7) 0.292

1-year mortality 97 (4.7) 39 (4.8) 58 (4.7) 0.973

After propensity score matching n =  1,594 n =  797 n =  797

30-day mortality 56 (3.5) 28 (3.5) 28 (3.5) >  0.99

1-year mortality 83 (5.2) 38 (4.8) 45 (5.7) 0.499

Values are presented as numbers of patients (%). Data were analyzed using the χ2-test.

Fig. 2. Comparison of the causes of 30-day mortality between the sugammadex and non-sugammadex groups before and after matching. 
It is difficult to differentiate the difference in distribution according to whether sugammadex is administered.

End
-st

ag
e r

en
al 

dis
ea

se

Sep
sis

Card
iac

 ar
res

t

Can
ce

r

Pne
um

on
ia

Myo
ca

rdi
al 

inf
ac

tio
n

Diab
ete

s m
ell

itu
s

Arte
ris

cle
ros

is 
ob

lite
ran

s

Asp
ira

tio
n p

ne
um

on
ia

Cere
bra

l in
far

cti
on

Unk
no

wn

Cause of death

Liv
er 

cir
rho

sis

■ Before matching, non-sugammadex
■ After matching, non-sugammadex

■ Before matching, sugammadex
■ After matching, sugammadex

Int
rac

ran
ial

 he
morr

ha
ge

Com
ple

te 
atr

iov
en

tric
ula

r b
loc

k

60.00%

50.00%

40.00%

30.00%

20.00%

10.00%

0%

376 www.anesth-pain-med.org

Anesth Pain Med Vol. 17 No. 4



DISCUSSION 

Sugammadex was not significantly associated with 30-day 

or 1-year mortality after surgery under general anesthesia in 

more than 1,500 patients with ESRD. Although we did not 

detect any benefit of sugammadex, we could suggest that 

sugammadex does not increase mortality until one year after 

surgery. 

It was reported the efficacy and safety of sugammadex for 

moderate neuromuscular blockade in patients with ESRD. 

The time to achieve a train-of-four T4/T1 ratio of 0.9 was no 

longer in patients with ESRD compared to normal controls, 

and 2 mg/kg sugammadex safely reversed the effects of ro-

curonium in patients with renal impairment [12]. However, 

efficacy and safety were only assessed 48 h after surgery and 

only for moderate neuromuscular blockade. In a later study, 

Staals et al. [6] reported that the plasma concentration of ro-

curonium did not differ between patients with severe renal 

impairment and controls before administering sugamma-

dex. However, plasma clearance of rocuronium decreases 

significantly after administering sugammadex in patients 

with severe renal impairment [6]. Another study by Panhui-

zen et al. [11] demonstrated that 4 mg/kg sugammadex can 

safely and completely reverse neuromuscular blockade in 

patients with severe renal impairment, but recovery of the 

train-of-four T4/T1 ratio took longer than in controls. And the 

rocuronium– sugammadex complex remained at detectable 

levels in plasma on day 7 [11]. When encapsulated by 

sugammadex, clearance of rocuronium is limited to renal 

excretion [2]. Therefore, anesthesiologists may be concerned 

about potential long-term adverse effects of sugammadex 

and the rocuronium–sugammadex complex, so may avoid 

using sugammadex in patients with ESRD. There is a contro-

versy about whether sugammadex can reduce postoperative 

pulmonary complications; there are studies proving that 

sugammadex could not reduce postoperative pulmonary 

outcomes [19,20]; on the other side, a study revealed that 

sugammadex significantly reduced pulmonary complica-

tions compared to neostigmine, including pneumonia and 

respiratory failure [21]. However, these studies did not per-

form subgroup analyzes of a patient with an American Soci-

ety of Anesthesiologists physical status of 3–5. In patients 

with an American Society of Anesthesiologists physical sta-

tus of 3–4, sugammadex significantly reduces the negative 

impact of older age on pulmonary outcome scores com-

pared to neostigmine [22]. Furthermore, extubation after 

achieving a higher train-of-four ratio had a beneficial effect 

on postoperative pulmonary complications, and a higher 

train-of-four ratio was achieved more easily and reliably 

with sugammadex than neostigmine [23,24]. Sugammadex 

might have potential benefits in terms of safety for high-risk 

patients with an American Society of Anesthesiologists 

physical status of ≥  3. Additionally, a meta-analysis showed 

that sugammadex significantly decreases the risk of brady-

cardia, and postoperative nausea and vomiting, as well as 

signs of postoperative residual paralysis [25]. Therefore, 

sugammadex has certain advantages, and there is no evi-

dence that it worsens the postoperative mortality outcomes 

of patients with ESRD, either from our study or several previ-

ous studies [10– 12,14,15,24]. 

Chronic kidney disease is an independent risk factor for 

postoperative mortality and complications [26]. In addition, 

most patients with ESRD have multiple comorbidities, in-

cluding cardiovascular disease and diabetes mellitus [27]. 

Considering their severe comorbidities, the baseline charac-

teristics of patients with ESRD could be important factors in 

mortality after surgery and anesthesia. Therefore, we used 

propensity score matching to adjust for these factors. In ad-

dition to comorbidities, preoperative laboratory test results, 

including sodium, potassium, chloride, albumin, and phos-

phorus plasma concentrations, were included as potential 

confounding variables [28–30]. 

Some limitations of this study should be discussed. First, 

there was no standard protocol for the use of sugammadex, 

because of the retrospective design of the study. The anes-

thesiologists decided at their discretion between pyridostig-

mine and sugammadex as the reversal agent for neuromus-

cular blockade. Selection bias would be caused by the anes-

Table 3. ORs for 30-day and 1-year Mortality after Surgery according to the Use of Sugammadex after Propensity Score Matching

Variables
Univariable analysis Multivariable analysis

Crude OR (95% CI) P value Adjusted OR (95% CI) P value
30-day mortality 1.01 (0.59–1.72) 0.973 0.94 (0.55–1.62) 0.827

1-year mortality 0.84 (0.54–1.32) 0.455 0.80 (0.51–1.26) 0.332

OR: odds ratio; CI: confidence interval. Adjusted by anesthetic duration, volume of intraoperative crystalloids administered, and 
intraoperative transfusion. Wald confidence intervals were calculated.
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thesiologist tending to use sugammadex in fragile patients 

who cannot recover easily from neuromuscular blockade. 

However, the purpose of this study was to determine the 

safety of sugammadex. The potential selection bias further 

emphasizes the benefits of sugammadex, where there was 

no difference in mortality between the sugammadex and 

non-sugammadex groups. Second, no significant differenc-

es in the causes of postoperative death within 30 days were 

observed between the groups, but there were many cases 

with unclear causes, classified as ‘unknown’ or ‘end-stage 

renal disease’. Cardiovascular events are well known as the 

major cause of death in patients with ESRD [26], but we 

could not confirm it due to the retrospective study design 

and incompleteness of the cause of death record. Third, the 

sample size was insufficient for good statistical power in 

this study. Because no previous studies have analyzed post-

operative mortality in patients with ESRD according to the 

use of sugammadex, we could not calculate the required 

sample size. Based on our 30-day mortality data, the esti-

mated required sample size was 5,801 for each group to 

achieve 80% power. Fourth, the type of surgery may also af-

fect mortality, but we did not investigate the type. Finally, 

we could not report immediate postoperative pulmonary 

complications due to the nature of the study design. How-

ever, several studies have confirmed the short-term safety of 

sugammadex in patients with renal impairment [10–12,14], 

and one study reviewed 219 patients with chronic kidney 

disease stage 5 administered sugammadex which study 

suggested that sugammadex could be considered as an al-

ternative reversal agent in patients with ESRD in aspects of 

complications and mortality within 30 postoperative days 

[15]. Outcomes of our study are only 30-day and 1-year 

mortality, but our study is a comparison study using the 

propensity score matching method, and the number of pa-

tients included in final analysis is 1,594. 

In this retrospective analysis, sugammadex did not in-

crease the 30-day and 1-year mortality rate in patients with 

ESRD after surgery under general anesthesia. Because it is a 

short-term study at a single center, there are limitations in 

applying it to all ESRD patients. Most patients with ESRD 

have multiple comorbidities and a high-risk status. Given 

the benefits of sugammadex in high-risk patients, we expect 

that sugammadex would be helpful in patients with ESRD. 

SUPPLEMENTARY MATERIALS 

Supplementary data including a “Standardized mean dif-

ference between the sugammadex and non-sugammadex 

groups” can be found online at https://doi.org/10.17085/

apm.22189. 
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INTRODUCTION 

Propofol is a short and rapidly acting intravenous anes-

thetic derived from alkylphenol (2,6-di-isopropylphenol) 

that is extensively used for the induction and maintenance 

of general anesthesia in patients older than 3 years. It is also 

the most widely used hypnotic among all processes that re-

quire sedation [1]. Propofol is poorly soluble in water. Its for-

mulation consists of a lipid emulsion containing soybean 

and phosphatin oils, purified egg phosphatide, and egg leci-
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Background: Propofol is a short and rapidly acting intravenous anesthetic extensively used 
for the induction and maintenance of general anesthesia. It is a lipid emulsion that contains 
soybean oil, purified egg phosphatide, and egg lecithin. Therefore, the package leaflet indi-
cates that its administration is contraindicated in patients allergic to soy, eggs, or peanuts. 
Our study aimed to determine whether patients with proven food allergies are allergic to 
propofol. 

Methods: Patients of all ages allergic to soy, eggs, or peanuts who agreed to undergo skin 
testing for propofol allergies were included. The subjects first underwent a skin test to con-
firm food allergies. If candidates were negative, they were excluded. If the result was posi-
tive, a propofol skin test was performed. 

Results: Sixty-four patients with confirmed food allergies underwent a propofol skin test. 
Only one was positive in the propofol skin test (1.6%). The patient was allergic to peanuts 
and soybeans. These results reinforce the idea that there is no justification for avoiding 
propofol use in these subjects. 

Conclusions: Propofol can be safely administered to patients allergic to soy, eggs, or pea-
nuts. We recommend caution in patients with a history of anaphylaxis after ingestion of the 
above-mentioned foods. 
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thin [2–4]. Therefore, the package leaflet indicates that its 

administration is contraindicated in patients allergic to soy, 

eggs, or peanuts. 

The possible cross-reaction with peanuts is due to the ex-

istence of homologous proteins between this nut and soy-

beans [5]. It is known that the egg components most likely to 

cause allergic reactions are ovalbumin, ovomucoid, and co-

nalbumin, which are found in egg yolk. Nonetheless, the egg 

component of propofol is lecithin, a highly purified phos-

pholipid found in egg whites. Likewise, the soybean oil from 

This is an Open Access article distributed under the terms of the Creative Commons Attribution Non-Commercial License (http://creativecommons.org/licenses/by-nc/4.0) which permits 
unrestricted non-commercial use, distribution, and reproduction in any medium, provided the original work is properly cited.
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which propofol is prepared is highly refined, eliminating 

proteins related to allergic reactions. In fact, the remaining 

proteins are theoretically too small to induce an allergic re-

action [2,6–8]. 

Some cases of allergic reactions to propofol have been 

published in which patients were not known to have food al-

lergies [9–12]. There are also some publications with sus-

pected reactions to propofol in subjects allergic to egg, soy, 

or peanut [13– 18]. However, many of these studies have 

limitations. Some of them did not check with any diagnostic 

technique whether the patients were allergic to propofol or 

to foods to which cross-reactions were linked. This factor is 

essential because many drugs are capable of causing an al-

lergic reaction during anesthetic induction and mainte-

nance. It should be noted that the agents that most frequent-

ly provoke type I or immunoglobulin (Ig)-E-mediated aller-

gic reactions are muscle blockers and antibiotics, both usu-

ally used during the perioperative period or anesthetic in-

duction [14]. 

Given this controversy, our study aimed to determine 

whether patients with proven food allergies to soy, egg, and 

peanuts are also allergic to propofol. Thus, we will deter-

mine whether there is a real correlation between allergies to 

these foods and propofol. 

MATERIAL AND METHODS 

This descriptive study evaluated the prevalence of positive 

and negative results in a skin test for propofol allergy pa-

tients allergic to soy, eggs, and peanuts. This study was ap-

proved by the ethics committee of the Consorci Sanitari de 

Terrassa hospital (no. 02-20-270-056). The study was con-

ducted at the same hospital from July 2020 to June 2021. 

Written informed consent was obtained from all the pa-

tients, and the study was conducted per the principles of the 

Declaration of Helsinki. 

Study population 

Patients of all ages allergic to soy, eggs, or peanuts who 

agreed to undergo skin testing for propofol allergies were in-

cluded. They were detected in the anesthesia or allergology 

outpatient clinic. The participants were informed of the ob-

jectives of the study and the test they were to undergo on the 

same day or later by telephone. Patients were rescheduled 

for another day to first undergo skin testing for food allergies 

to eggs, peanuts, and soy. If the result was negative, candi-

dates were excluded. If the result was positive, the propofol 

skin test was performed. 

Allergy study 

Standardized skin tests, including the prick test followed 

by intradermal testing (0.02–0.05 ml of drug concentration) 

[19], were performed in all included patients. It was per-

formed at least 4–6 weeks after any hypersensitivity reaction 

to minimize false negatives [20]. 

Skin tests were performed on eggs, peanuts, and soy. If 

food allergy was confirmed, a propofol skin test was per-

formed. All tests were performed on the forearm using dis-

posable lancets. A drop of each extract was applied to the 

skin, separated by at least 2 cm from the next drop. 

The reading was taken 10 min after the prick test and 15 

min after the intradermal tests. Positive results were defined 

as a papule diameter at least 3 mm greater than the negative 

control (saline). Histamine (10 mg/ml) was used as the posi-

tive control. 

Statistical analysis 

Qualitative variables are described as frequencies and 

percentages. Quantitative variables were described as 

means and standard deviations after checking their normal-

ity, and the minimum and maximum values were also re-

ported. For the prevalence of propofol-positive tests and, 

due to their low presence, confidence intervals were calcu-

lated based on a binomial distribution, and proportions 

were compared using Fisher's test. 

All intervals were calculated with a 95% confidence level, 

and tests were considered significant at P values <  0.05. All 

analyses were performed using R statistical software. 

RESULTS 

A total of 88 patients were recruited for this study. Nine-

teen patients were excluded because they did not undergo a 

skin test. Another five patients were excluded after refusing 

to undergo the propofol skin test. Finally, 64 patients with 

confirmed food allergies who underwent a propofol skin test 

were recruited. The mean age was 37 years (range: 7–78), 

half of whom were under 40 years old, with a female pre-

dominance (64%). 

Regarding the food allergy profile, some participants were 

allergic to more than one food item. Sensitization to peanuts 
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was confirmed in 54 (84%) patients. Moreover, eight partici-

pants were allergic to eggs (13%), and nine were allergic to 

soy (16%). Of these, only one was positive for the propofol 

skin allergy test, corresponding to 1.6% of the study popula-

tion (0.0– 9.7%). The patient was a 25-year-old female aller-

gic to both peanuts and soy. 

See Table 1 for the demographic and food allergy profiles 

of the participants in detail. 

DISCUSSION 

The debate about whether propofol should be adminis-

tered to patients allergic to eggs, soy, or peanuts is still active 

in many countries. The present study aimed to reinforce the 

idea that there is no justification for avoiding propofol use in 

these subjects. Evaluating the results we obtained, only in 

one patient allergic to soy and peanuts, but not to eggs, we 

obtained a positive result in the skin test for propofol. More-

over, after interviewing the participant again, she was cur-

rently consuming soy without any symptoms or allergic re-

actions. The patient avoided consuming peanuts, although 

she had no clear allergic reaction. A peanut allergy was con-

firmed through a positive provocation test. Although she re-

fused to consent to a propofol provocation test, we consid-

ered the result of the propofol skin test to be a true positive. 

As mentioned above, the egg and soybean oil components 

of propofol are highly purified and refined. The size of the 

remaining proteins is so small that it cannot produce an al-

lergic reaction [2,6–8]. In addition, although allergies to 

these foods are highly prevalent in childhood, they tend to 

cease during adolescence, except for peanuts. 

Several studies have been published that support the the-

ory that the probability of an allergic reaction to propofol in 

patients allergic to the aforementioned foods is the same as 

in the rest of the population. Molina-Infante et al. [21] per-

formed a retrospective study in which they evaluated 60 pa-

tients with eosinophilic esophagitis who underwent 404 en-

doscopies using propofol as a sedative. Up to 86% of the 

study population had food sensitization to soy, egg, or pea-

nut; however, no allergic reaction was observed during the 

procedure. 

Another retrospective study conducted in Australia [22] 

was focused on 28 egg-allergic children who underwent up 

to 43 sedations with propofol. Only one allergic reaction 

with clinical urticaria and generalized erythema was noted 

in a child with a previous history of anaphylactic reaction to 

egg ingestion. It was concluded that the administration of 

propofol in patients with suspected cross-food allergies was 

generally safe. Asserhøj et al. [6] conducted two retrospec-

tive studies. First, 273 patients with perioperative allergic re-

actions were recruited for the study. Of these, 153 were ex-

posed to propofol, but only four had a positive allergic test 

for propofol. None explained the clinical reactions to eggs, 

soy, or peanuts. Moreover, none of them had detectable spe-

cific Ig-E levels in the blood for related foods. The second 

study focused on 99 patients with specific Ig-E to soy, egg, or 

peanut who had undergone some intervention in which 

propofol was administered. No allergic or associated clinical 

reactions were observed.  

Currently, the guidelines of some countries such as 

France, Great Britain, and Ireland [20,22] suggest a lack of 

evidence for not administering propofol in patients allergic 

to soy, eggs, or peanuts. The Catalan Allergy Society and the 

Drug Allergy Committee state that there is no scientific evi-

dence for the use of alternative anesthetic drugs in patients 

allergic to eggs, soy, or peanuts [23]. Other groups, such as 

the Childhood Allergy Committee of the Spanish Society of 

Allergology and Clinical Immunology, recommend avoiding 

propofol in egg-allergic children with a history of anaphylax-

is after ingestion [3]. However, most hospitals in Spain con-

tinue to recommend avoiding the use of propofol in patients 

allergic to soy, eggs, or peanuts.  

The relevance of our findings was strengthened by the 

representation of all ages in the study population. In addi-

tion, we performed a skin test to determine whether the pa-

tients were allergic to eggs, peanuts, and soy. However, our 

study had some limitations. Because of the coronavirus dis-

ease 2019 pandemic, we experienced greater participant loss 

Table 1. Demographic and Allergy Results of the Study Participant

Variable Value (n =  64)
Demographics
 Sex
  Male 23 (37)
  Female 41 (63)
 Age (yr) 37 (7–78)
  <  40 32 (50)
  >  40 32 (50)
Food allergies to egg, soy, or peanut
 Egg 8 (13)
 Soy 10 (14)
 Peanut 54 (84)
Allergic to propofol 1 (1.6)

Values are presented as number (%) or mean (95% confidence 
interval).
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than expected. Therefore, the study population was smaller 

than expected. Thus, we cannot conclude with complete 

certainty that there is no risk that these patients will not 

present any allergic reaction to propofol administration. Al-

though our study is one of the few prospective observational 

studies published in the literature, it is a descriptive study. A 

comparative study should be conducted to confirm that 

there are no differences in the incidence of propofol allergy 

between patients allergic to the foods mentioned here and 

the rest of the population. As the incidence of propofol aller-

gy is low, a case-control study is advisable. 

In conclusion, propofol could be safely administered to 

patients allergic to soy, eggs, or peanuts. We recommend 

caution or avoidance of propofol in patients with histories of 

anaphylaxis after ingesting the aforementioned foods. 
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Background: Sustained interest is needed in the characteristics of critical incidents in pedi-
atric anesthesia and related changes, for determining the causes and degree of potential 
harm; this will also improve the quality of medical care. This study aimed to analyze the inci-
dence of critical incidents recorded in 2014–2019, and to compare them with those in 
2008–2013. 

Methods: Critical incidents associated with pediatric anesthesia, including cardiac arrest, 
recorded in a voluntary departmental reporting system between January 2014 and Decem-
ber 2019 were compared with those reported between January 2008 and August 2013 us-
ing chi-square test. 

Results: We identified 295 (0.55%) critical incidents from 53,541 cases of pediatric anes-
thesia (3,471 cardiothoracic surgeries); this is consistent with the previously reported inci-
dence of 0.46%. Among the critical incidents, the incidences of adverse events, sentinel 
event, near miss case and no-harm events were 93.9%, 1.7%, 0%, and 6.1% in 2014–
2019, whereas those were 98.3%, 2.6%, 1.7%, and 0% in 2008–2013 (P = 0.023, 0.686, 
0.080, and < 0.001, respectively). Cardiac arrest accounted for 25 (8.5%) cases of the 295 
critical events, which significantly lower than that previously reported (18.3%; P = 0.020). 
Human factor-related events accounted for 61.0% of all critical incidences; this was similar 
to the previous data (58.5%). 

Conclusions: Over six years, there has been no significant difference in the total incidence 
of critical events. Despite the decrease in the incidence of serious critical events, periopera-
tive care in pediatric anesthesia can be further improved. 

Keywords: Anesthesia; Child; Incident reportings; Intraoperative complications; Medical er-
rors; Perioperative care.

INRTODUCTION

Pediatric patients are vulnerable to critical incidents asso-

ciated with anesthesia [1]; moreover, their perioperative care 

is challenging and requires a specialized pediatric anesthe-

sia care team [2]. Reporting and analysis of perioperative 

critical incidents allow identification of the cause of critical 

incidents, understanding of the current situation, and the 
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unrestricted non-commercial use, distribution, and reproduction in any medium, provided the original work is properly cited.
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development of a prevention strategy [3]. To improve the 

quality of perioperative care and patient safety, it is import-

ant to determine the characteristics of critical incidents and 

their temporal changes. 

There have been several reports regarding critical inci-

dents and cardiac arrests during the perioperative period in 

the pediatric population [4–9]. We previously analyzed criti-

cal incidents related to pediatric anesthesia, that occurred 

between 2008 and 2013 at a teaching children’s hospital [5]. 

The rate of critical incidents was 0.5%; in addition, >  50% of 

all critical incidents were preventable [5]. There have been 

ensuing changes in our medical field, including in anesthe-

sia practice and manpower. For example, point-of-care ul-

trasonography has been introduced and widely adapted. 

Devices for difficult airway management, including a high 

flow nasal cannula, supraglottic airway device, and videola-

ryngoscope, have been increasingly employed in routine an-

esthesia practice. Furthermore, surgical procedures have 

become less invasive. 

Since 2017, the number of pediatric anesthesia specialists 

of our institute has gradually increased. In particular, it in-

creased from an average of 4.8 to 6.2 persons between 2008–

2013 and 2014–2019. The average cumulative career years 

per junior staff were 1.3 and 4.25 years in 2013 and 2019, re-

spectively. In addition, there was a gradual increase in anes-

thesia cases in the outside operating room. 

We speculated that changes in the above factors over time 

may have contributed to the decreased occurrence of critical 

events [8]. Therefore, this study aimed to analyze the charac-

teristics of critical incidents, including cardiac arrest, record-

ed between 2014 and 2019, and compare them with those 

recorded between 2008 and 2013. 

MATERIALS AND METHODS 

Study design, center, and population 

This retrospective observational study was performed at 

the tertiary teaching children’s hospital, and the study pro-

tocol was approved by the Institutional Review Board of our 

hospital (no. 2005-161-112), which waived the requirement 

for written informed consent. This study was performed ac-

cording to the ethical standards set by the 1964 Declaration 

of Helsinki and its later amendments. 

Data from patients aged ≤  18 years at the time of surgery, 

between January 2014 and December 2019 were included in 

the analysis. The number of operating rooms and the “call 

for help” system were unchanged. If monitoring medical 

personnel encountered problems, they could call for the 

backup anesthesiologists using a speakerphone in the oper-

ating room; these encountered problems and critical inci-

dents were recorded using our own reporting form (Fig. 1A). 

The patient monitors in each operating room were installed 

in the central monitoring room (Fig. 1B); therefore, from 

2012, vital signs could be conveniently checked in the cen-

tral monitoring room. 

Definitions 

Data were collected using a critical incident reporting 

form and electrical medical charts. A critical incident was 

defined as (i) any incident that altered the patients’ vital 

signs and affected patient management under the anesthe-

siologist’s care, and (ii) patient injury or accidents that af-

fected patient safety due to human error. However, simple 

vital sign changes, such as transient desturation which was 

spontaenously recovered or caused by motion artifact, were 

excluded. The critical incidents were categorized in more 

detail according to the patient safety policy of the Joint Com-

mission International (JCI), including near miss, no-harm, 

adverse, and sentinel events (Fig. 2). A near miss is an event 

that could have resulted in harm to a patient, but did not af-

fect the patient. A no-harm event is an event, that affects the 

patient but does not result in harm, and an adverse event is 

an event that is harmful to the patient; it is defined as an un-

intended injury to a patient as a result of hospital care and 

not by the course of disease [10]. A sentinel event is an ad-

verse event that affects patients resulting in harm such as 

death, permanent harm, or severe temporary harm resulting 

in additional invasive intervention. Based on the change in 

definitions, the previous data were reclassified as per the 

new definitions and compared with those from 2014–2019.  

Cardiac arrest was defined as any event requiring chest 

compression for maintaining cardiac output, with these 

events being separately analyzed. For cases of cardiac arrest, 

the type of problem was classified according to the pediatric 

advanced life support guidelines. Human factor-related crit-

ical incidents included those that could have been prevent-

ed with more caution, knowledge, advanced techniques, 

and early detection. 

Data collection and analysis 

Three anesthesiologists reviewed the electronic medical 
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charts for all reported critical incident cases. Each reported 

critical incident cases was from voluntary reporting system. 

Subsequently, the critical incidents were classified into five 

major classifications (respiratory, cardiovascular, pharma-

cological, equipment, and others) based on the causes. All 

events were classified by two anesthesiologists and addition-

ally evaluated by another. Disagreements regarding catego-

rization were resolved through consultation with two other 

pediatric anesthesiologists [5]. When multiple events oc-

curred simultaneously in one patient, each event was count-

ed as one case. The primary outcome of this study was to 

evaluate changes in the patterns of critical incidents by com-

Fig. 1. Critical incident reporting form (A) and central monitoring system of the operating theater in our center (B).
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paring the incidence of critical incidents on the present and 

previous data [5] and the secondary outcome was to assess 

quality improvement of perioperative management by com-

paring the incidence of cardiac arrest, and human related 

critical incidents on the present and previous data. Addi-

tionally, the sample size for analysis was determined by set-

ting the period after the period of the previous study. The 

chi-square test was used for subgroup comparisons between 

the two selected time intervals (2008–2013 and 2014–2019), 

and mean differences of proportions with 95% confidence 

interval (CI) were calculated. Statistical analysis was per-

formed using MedCalc (ver. 12.7.7, MedCalc, Belgium). P <  

0.05 was considered to indicate statistical significance.  

RESULTS 

Between January 2014 and December 2019, 53,541 cases 

of pediatric anesthesia (3,471 cardiothoracic surgeries) were 

recorded. We identified 295 critical incidents which repre-

sented the incidence of 0.55 % (295/53,541). This value was 

similar to the 0.46% reported between 2008 and 2013 (mean 

difference, 0.09%; 95% CI, –0.04 to 0.14%; P =  0.287). The in-

cidence of detailed categorized critical incidents differed be-

tween 2008–2013 and 2014–2019. 

Among the critical incidents, the incidences of each event 

according to patient safety policy in 2014–2019 and in 2008–

2013 are as follow; adverse events 93.9% vs. 98.3% (mean dif-

ference, 4.4%; 95% CI, 0.8 to 8.0%; P =  0.023), sentinel event 

1.7% vs. 2.6% (mean difference, 0.9%; 95% CI, –1.86 to 4.1%; 

P =  0.686), near miss case 0% vs. 1.7% (mean difference, 

1.7%; 95% CI, – 0.06 to 4.4%; P =  0.08) and no-harm events 

6.1% vs. 0% (mean difference, 6.1%; 95% CI, 3.2 to 9.5%; P <  

0.001) respectively (Supplementary Table 1). 

The incidence of critical events was higher among infants 

<  1-year-old (103/10,847, 0.95%) than among children aged 

above 1-year (192/42,694, 0.45%). The incidence of critical 

events was higher in patients with American Society of An-

esthesiologists classification of 3 and 4 (61/4,215, 1.45%) 

than in those with American Society of Anesthesiologists 

classifications of 1 and 2 (232/49,306, 0.47%; Table 1). The 

incidences of critical incidents related to cardiac and 

non-cardiac surgery were 23/3,471 (0.7%) and 272/50,070 

(0.54%), respectively.  

Primary outcome  

1. Total critical incidents 

The comparison of incidence of each critical event by the 

classification between 2008–2013 and 2014–2019 are present-

ed in Supplementary Table 1. Table 2 and Fig. 3A present the 

characteristics of all the critical incidents that occurred be-

tween 2014 and 2019. Total critical incidents were not signifi-

Table 1. ASA Classification and Age Distribution of Total Anesthetics Administered (n = 53,541) and Critical Incidents (n = 295)

Patient characteristics Total anesthetics 
(n =  53,541)

Critical incidents 
(n =  295)

Critical incidents/
total anesthetics (%)

ASA classification
I 34,400 135 0.4
II 14,906 97 0.7
III 3,941 51 1.3
IV 274 10 3.6
V 18 2 11.1
VI 2 0

Age
<  1 years old 10,847 103 0.95

≥  1 years old 42,694 192 0.45

Values are presented as number only. ASA: American Society of Anesthesiologists.

Fig. 2. The categorization of critical incidents: near miss, no-harm 
event, adverse event, and sentinel event.

Critical incident

Near miss

No harm event

Adverse event

Sentinel
event
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Table 2. Classification of Total Critical Incidents

Major classification Detailed classification Cardiac surgery Non-cardiac surgery Total
Respiratory (n =  172) Tracheal tube related* 0 (0) 65 (22.0) 65 (22.0)

Laryngospasm 0 (0) 54 (18.3) 54 (18.2)
Ventilatory failure 1 (0.3) 30 (10.1) 31 (10.5)
Supraglottic device – unfitting 0 (0) 13 (4.4) 13 (4.4)
Lower airway obstruction 0 (0) 3 (1.0) 3 (1.0)
Pulmonary aspiration 0 (0) 2 (0.7) 2 (0.7)
Glottis edema/obstruction by tongue 0 (0) 1 (0.3) 1 (0.3)
Pneumothorax 0 (0) 1 (0.3) 1 (0.3)
Hypoxia of unknown cause† 0 (0) 1 (0.3) 1 (0.3)
Pleural effusion 0 (0) 1 (0.3) 1(0.3)
Total 1 (0.3) 171 (58.0) 172 (58.3)

Cardiovascular (n =  42) Arrhythmia 9 (3.0) 4 (1.4) 13 (4.4)
Hemorrhage/hypotension 2 (0.7) 9 (3.1) 11 (3.7)
Hypovolemia 0 (0) 5 (1.7) 5 (1.7)
Cardiogenic shock 2 (0.7) 3 (1.0) 5 (1.7)
Cardiopulmonary bypass related 2 (0.7) 0 (0) 2 (0.7)
Electrolyte imbalance 0 (0) 2 (0.7) 2 (0.7)
Fluid overloading 0 (0) 1 (0.3) 1 (0.3)
Error of surgeon 1 (0.3) 0 (0) 1 (0.3)
Air embolism 1 (0.3) 0 (0) 1 (0.3)
Hypotension of unknown cause 0 (0) 1 (0.3) 1 (0.3)
Total 17 (5.8) 25 (8.5) 42 (14.2)

Pharmacological (n =  24) Medication error 0 (0) 20 (6.8) 20 (6.8)
Adverse drug reaction 1 (0.3) 0 (0) 1 (0.3)
Anaphylaxis 0 (0) 3 (1.0) 3 (1.0)
Total 1 (0.3) 23 (7.8) 24 (8.1)

Equipment (n =  24) Disconnection 1 (0.3) 21 (7.1) 22 (7.5)
Ventilator failure 0 (0) 2 (0.7) 2 (0.7)
Total 1 (0.3) 23 (7.8) 24 (8.1)

Others (n =  33) IV disconnection/malfunction 0 (0) 7 (2.4) 7 (2.4)
Tooth extraction 0 (0) 7 (2.4) 7 (2.4)
Inadequate anesthetic depth 0 (0) 4 (1.4) 4 (1.4)
Central catheter-related‡ 1 (0.3) 3 (1.0) 4 (1.4)
Complication during catheterization 2 (0.7) 2 (0.7) 4 (1.4)
Burn 0 (0) 3 (1.0) 3 (1.0)
Seizure 0 (0) 1 (0.3) 1 (0.3)
Fall down 0 (0) 1 (0.3) 1 (0.3)
Fire hazard 0 (0) 1 (0.3) 1 (0.3)
Sore 0 (0) 1 (0.3) 1 (0.3)
Total 3 (1.0) 30 (10.1) 33 (11.1)

Total critical incidents (n =  295) 23 (7.8) 272 (92.2) 295 (100)

Values are presented as number (%). IV: intravenous. *Both tracheal and tracheostomy tube related, it includes accidental extubation, 
tracheal tube obstruction, endobronchial intubation or intubation failure. †Hypoxia was defined by pulse oximetry values lower than 90%. 
‡Accidental withdrawals, malfunction or abnormal position of central catheter.

cantly changed in 2014–2019 compared with in 2008–2013, 

but critical incidents by classification was different in respira-

tory events and cardiovascular event between 2008–2013 and 

2014–2019. Respiratory events were the most common criti-

cal events (172/295, 58.3%) during the perioperative period, 

similar to that during 2008–2013 (55.4%; mean difference, 

2.9%; 95% CI, –5.9 to 11.7%; P =  0.565). They occurred in the 

following order: tracheal tube related complications (65/172, 
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Fig. 3. Detailed classification of critical incidents (A, B) and cardiac arrest (C, D) in 2014-2019 and 2008-2013. (A) Classification of total 
critical incidents; (B) Classification of human error-related critical incidents; (C) Classification of total cardiac arrest; (D) Classification of 
human error-related cardiac arrest. Data have been presented as percentages in (A) and (B), and the number of patients in (C) and (D). 
Data from 2008–2013 were previously published (data from the article of Lee et al. [Paediatr Anaesth 2016; 26: 409-17] [5]).

37.8%), laryngospasm (54/172, 31.4%), and ventilator failure 

(31/172, 18.0%). The proportion of laryngospasm within re-

spiratory event was increased from 17.3% in 2008–2013 

(mean difference, 14.1%; 95% CI, 3.8 to 23.8%; P =  0.008). 

Cardiovascular events were the second most common 

(42/295, 14.2%); their incidence was lower than that of the 

previous data (60/229, 26.2%). The majority of cardiovascular 

events in 2014–2019 and 2008–2013 were arrhythmias (13/42, 

31%) and hemorrhage or hypotension (22/60, 36.7%), respec-

tively. 

Similar to a previous report, the third most common cause 

of critical incidents was pharmacological problems. Medica-

tion error was the most common pharmacological event 

(20/24, 83.3%) and its incidence was higher than that ob-

served between 2008 and 2013 (8/16, 50%; mean difference, 

33.3%; 95% CI, 0.6 to 61.3%; P =  0.050). 

The proportion of equipment problems was comparable 

between 2014–2019 (24/295, 8.1%) and 2008–2013 (14/229, 

6.1%; mean difference, 2.0%; 95% CI, –2.9 to 6.6%, P =  

0.480). Circuit disconnection was the most common in both 

2014–2019 (22/24, 91.7%) and 2008–2013 (10/14, 71.4%). 

Critical incidents categorized as “others” significantly in-

creased from 5.2% (12/229) in 2008–2013 to 11.2% (33/295) 

in 2014–2019 (mean difference, 6.0%; 95% CI, 1.0 to 10.9%; P 

=  0.020), and they were diverse. The most common critical 

incidents in the category “others” were intravenous (IV) dis-

connection/malfunction and tooth extraction, and each 

event accounted for 21.2% (7/33) of the cases. 
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Secondary outcome 

1. Cardiac arrest 

The incidence of cardiac arrest decreased from 18.3% (8.5 

cases per 10,000 anesthetics) in 2008–2013 to 8.5% (4.7 cases 

per 10,000 anesthetics) in 2014–2019 (mean difference, 

–9.8%; 95% CI, –15.7 to –3.7%; P =  0.020). Table 3 and Fig. 3C 

present details regarding the cases of cardiac arrest. Anes-

thesia unrelated cardiac arrest (18/25, 72%) was more com-

mon than anesthesia related cardiac arrest (7/25, 28%). The 

most common cause of cardiac arrest was cardiovascular 

problems (21/25, 84%) and only 3 (12%) cases of cardiac ar-

rest were associated with respiratory causes. 

The mortality rate after cardiac arrest was 1.0% (3/295); 

this was not significantly lower than that in 2008–2013 

(6/229, 2.6%; mean difference, –1.6%; 95% CI, –4.7 to 0.9%; P 

=  0.287). Two infants died owing to uncontrolled bleeding 

during craniotomy and tumor removal. Another 2-month-

old preterm infant with multiple problems, including necro-

tizing enterocolitis, and kidney and hepatic failure with sep-

tic shock, developed cardiac arrest resulting from massive 

bleeding and died on postoperative day 1. 

2. Human factors related critical incident 

Human factors were involved in 180 (61.0%) critical inci-

dents; this was similar to the incidence in 2008–2013 (134/229, 

58.5%; mean difference, 2.5%; 95% CI, –6.19 to 11.21%; P =  

0.625). Details were presented in Table 4 and Fig. 3B. Respira-

tory events were the most common critical incidents involving 

human error (95/180, 52.8%); this was similar to that in 2008– 

2013 (72/134, 53.7%; mean difference, –0.9%; 95% CI, –12.4 to 

10.7%; P =  0.970). All human factor-related pharmacological 

events comprised medication errors and equipment problems 

were circuit disconnections. 

The incidence of human factor-related events was similar 

between cardiac (14/23, 60.9%) and non-cardiac surgery 

(166/272, 61.0%). As seen from the total critical incidents, 

the most common human factor-related critical incident in 

cardiac surgery was related to cardiovascular events (10/14, 

71.4%), whereas respiratory events were the most common 

human factor-related critical incidents in non-cardiac sur-

gery (95/166, 57.2%). 

Fig. 3D demonstrates the numbers of human factor-relat-

ed cardiac arrests in each period. The proportion of human 

factor related cardiac arrest in 2014–2019 (12/25, 48%) did 

not significantly decrease from that in 2008–2013 (57.1%; 

24/42; mean difference, –9.1%; 95% CI, –34.4 to 17.2%; P =  

0.640). Among them, cardiac arrests caused by human fac-

tor-related respiratory events appeared to decrease from 

19% (8/42) in 2008–2013 to 4% (1/25) in 2014–2019, although 

without significant differences (mean difference, –15%; 95% 

CI, –29.6 to 3.0%; P =  0.080).

DISCUSSION 

This study updated the data regarding critical incidents 

associated with pediatric anesthesia at a single tertiary 

teaching children’s hospital in 2014–2019, and compared it 

Table 3. Classification of Cardiac Arrest

Major classification Detailed classification Anesthe-
sia-related

Anesthe-
sia-unrelated Total PALS classification

Cardiovascular (n =  21) Cardiogenic shock 2 (8) 2 (8) 4 (16) Cardiogenic shock (4)
Hemorrhage/hypotension 1 (4) 3 (12) 4 (16) Cardiogenic shock (1), hypovolemic shock (3)
Arrhythmia 0 (0) 6 (24) 6 (24) Cardiogenic shock (6)
Cardiopulmonary bypass 

related
0 (0) 1 (4) 1 (4) Cardiogenic shock (1)

Air embolism 0 (0) 1 (4) 1 (4) Cardiogenic shock (1)
Hypovolemia 0 (0) 2 (8) 2 (8) Hypovolemic shock (2)
Electrolyte imbalance 2 (8) 0 (0) 2 (8) Cardiogenic shock (2)
Pulmonary hypertension 0 (0) 1 (4) 1 (4) Cardiogenic shock (1)
Total 5 (20) 16 (64) 21 (84)

Respiratory (n =  3) Ventilatory failure 1 (4) 1 (4) 2 (8) Lower airway obstruction (1), upper airway 
obstruction (1)

Tracheal tube related 1 (4) 0 (0) 1 (4) Disordered control of breathing (1)
Total 2 (8) 1 (4) 3 (12)

Pharmacological (n =  1) Medication error 0 (0) 1 (4) 1 (4) Cardiogenic shock (1)
Total cardiac arrest (n =  25) 7 (28) 18 (72) 25 (100)
Values are presented as number (%). PALS: pediatric advanced life support.
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Table 4. Human Factor-related Critical Incidents

Major classification Detailed classification Cardiac surgery Non-cardiac surgery Total
Respiratory (n =  95) Tracheal tube related* 0 (0) 48 (26.7) 48 (26.7)

Laryngospasm 0 (0) 26 (14.4) 26 (14.4)
Ventilatory failure 0 (0) 13 (7.2) 13 (7.2)
Supraglottic device – unfitting 0 (0) 7 (3.9) 7 (3.9)
Pneumothorax 0 (0) 1 (0.6) 1 (0.6)
Total 0 (0) 95 (52.8) 95 (52.8)

Cardiovascular (n =  19) Cardiopulmonary bypass related 2 (1.1) 0 (0) 2 (1.1)
Hemorrhage/hypotension 2 (1.1) 2 (1.1) 4 (2.2)
Air embolism 1 (0.6) 0 (0) 1 (0.6)
Arrhythmia 3 (1.7) 0 (0) 3 (1.7)
Cardiogenic shock 1 (0.6) 2 (1.1) 3 (1.7)
Hemothorax 0 (0) 0 (0) 0 (0)
Hypovolemia 0 (0) 2 (1.1) 2 (1.1)
Fluid overloading 0 (0) 1 (0.6) 1 (0.6)
error of surgeon 1 (0.6) 0 (0) 1 (0.6)
Electrolyte imbalance 0 (0) 2 (1.1) 2 (1.1)
Total 10 (5.6) 9 (5.0) 19 (10.6)

Pharmacological (n =  20) Medication error 0 (0) 20 (11.1) 20 (11.1)
Total 0 (0) 20 (10.6) 20 (10.6)

Equipment (n =  19) Disconnection 1 (0.6) 18 (10) 19 (10.6)
Total 1 (0.6) 18 (10) 19 (10.6)

Others (n =  27) Central catheter-related† 1 (0.6) 2 (1.1) 3 (1.7)
Complication during catheterization 2 (1.1) 2 (1.1) 4 (2.2)
Burn 0 (0) 3 (1.7) 3 (1.7)
IV disconnection/malfunction 0 (0) 6 (3.3) 6 (3.3)
Inadequate anesthetic depth 0 (0) 2 (1.1) 2 (1.1)
Tooth extraction 0 (0) 6 (3.4) 6 (3.4)
Fall down 0 (0) 1 (0.6) 1 (0.6)
Fire hazard 0 (0) 1 (0.6) 1 (0.6)
Sore 0 (0) 1 (0.6) 1 (0.6)
Total 3 (1.7) 24 (13.3) 27 (15)

Total human factor-related critical 
incidents (n =  180)

14 (7.8) 166 (92.2) 180 (100)

Values are presented as number (%). IV: intravenous. *Both endotracheal and tracheal tube related, it includes accidental extubation, 
tracheal tube obstruction, endobronchial intubation or intubation failure. †Accidental withdrawal, malfunction or abnormal position of 
central catheter.

with previous data obtained in 2008–2013 [5]. Despite the 

increase in manpower and improvement in monitoring sys-

tems, the incidence rate and patterns of total critical inci-

dents did not change significantly over 6 years. 

We hypothesized that the rate of total and human-related 

critical incidents would be lower than that in 2008–2013 [5], 

given the increase in the number of pediatric anesthesia 

specialists and their experience. According to the multi-

center APRICOT (Anaesthesia Practice In Children Observa-

tional Trial) study conducted in Europe, the anesthesiolo-

gist’s experience reduces the incidence of severe respiratory 

and cardiovascular critical events [8], and may affect the pa-

tients’ outcome [11]. However, we found that the rate of total 

critical incidents did not change considerably. Actually, the 

rate of critical incidents changed differently for each event 

(increased rate of critical incidents such as laryngospasm, 

circuit disconnection, IV disconnection, and medication er-

ror, whereas, a decreased rate of critical incidents such as 

cardiovascular events). In addition, the proportion of cardi-

ac surgery in human factor related critical incidents de-

creased compared to the previous data. For pediatric pa-

tients undergoing cardiac surgery, interdisciplinary co-work 
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is important in terms of clinical outcome and patient safety 

compared to noncardiac surgery [12]. Our pediatric cardiac 

anesthesiologists’ team member has not changed since 2008 

and the experience has accumulated. In addition, multidis-

ciplinary team collaboration among cardiac anesthesiolo-

gists, surgeons, pediatricians and nurses have been well es-

tablished. These factors may contribute the decreased inci-

dence of human error in cardiac surgery. 

The possible reasons for minimal changes in the critical 

incidents rate are as follows: An increase in the number and 

experience of specialists could decrease the incidence of 

more serious events such as cardiovascular events including 

cardiac arrest. On the other hand, this factor would also al-

low for faster and more sensitive detection of critical inci-

dents. The threshold for calling for help and reporting the 

case could have been lower in 2014–2019 than in 2008–2013. 

Based on the new categorization, the total incidence of near 

miss and no-harm events increased from 1.8% in 2008–2013 

to 6.1% in 2014–2019, meaning that the detection rate in-

creased and early management was done to avoid these 

events from progressing to adverse events. 

Another reason may be that quality improvement efforts 

might have been insufficient during the study period, con-

sidering that medication error and communication error 

can be significantly improved by quality improvement ef-

forts. Medication error was an important human error in pe-

diatric anesthesia and drug overdose and miscalculation 

was the most common error [13]. The Wake Up Safe for 

Quality Improvement Initiative in pediatric anesthesia re-

ported that medication error was the third most common 

critical incident, with 97% of these errors being preventable 

[14]. The communication failures are also preventable and 

account for a significant number of errors in the operating 

theater [15]. 

Even though the incidence of overall critical events did 

not reduce, there was a significant decrease in the incidence 

of cardiac arrest. This suggests that severe complications 

may be prevented through early detection of critical inci-

dents, as well as prompt and appropriate treatment on their 

occurrence. In particular, there was a decrease in respiratory 

events induced-cardiac arrest, compared to those in 2008–

2013. The proportion of cardiac arrests with a respiratory 

cause was 23.8% (10/42) in 2008–2013; this declined to 12% 

(3/25) in 2014–2019. We speculated that inclusion of regular 

education on pediatric difficult airway algorithms in the res-

ident training program after 2013, could have contributed to 

the reduced incidence of respiratory arrests in the operating 

room. Additionally, there has been an increase in the acces-

sibility and use of supraglottic airway devices, videolaryngo-

scopes, and high flow nasal cannula. It can be presumed 

that appropriate use of these resources has contributed to 

the reduction in the number of cases of cardiac arrest in-

duced by respiratory causes. 

After reviewing our data, we found some points that can 

improve the quality of pediatric anesthetic care. First, we 

need to reduce preventable human errors such as medica-

tion error to decrease critical incidents; many strategies have 

been reported to improve these errors [14,16,17]. Second, 

education program should be further strengthened, espe-

cially at the beginning of each training year. Bringing atten-

tion to frequently occurring accidents as well as recognizing 

of complications will reduce the chances of the same events 

occurring again [18]. Third, it is also important to maintain 

constant resources and interest in what is well maintained in 

terms of quality management. Lastly, it is essential to create 

an environment that encourages voluntary reporting and 

gives constructive feedback to maintain quality control. 

This study has several limitations. First, this was a sin-

gle-center study and may not represent the circumstances of 

all hospitals. Even though we applied the patient safety poli-

cy of the JCI to complement this limitation of the single cen-

ter study, it is not enough to know the real situation depend-

ing on hospital’s situation or prevent critical incident of oth-

er hospital. Therefore, it is necessary to create a nation-wide 

registry related to critical incidents in perioperative care. 

Second, since the study objective was the comparison of 

data between 2014–2019 and 2008–2013, data regarding 

gender, anesthetic management protocols, anesthetic agents 

used, anesthesia duration, and events related to regional an-

esthesia were not analyzed as before. Finally, thresholds for 

calling for help and reporting the cases may have varied de-

pending on the attending anesthesiologists; furthermore, 

there could have been under-reporting, especially in cases 

of near miss or no-harm events. 

In conclusion, our findings suggest that the incidence of 

pediatric perioperative critical incidents did not change sig-

nificantly over 6 years. However, the incidence of adverse 

events and cardiac arrests from critical incidents decreased. 

The majority of critical incidents were associated with hu-

man error. The implementation of strategies for reducing 

various errors should therefore be continued to maximize 

children’s safety during the perioperative period. 
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Laparoscopic surgery has several advantages over laparot-

omy in patients who require hepatectomy. It is a minimally 

invasive procedure that results in less bleeding during sur-

gery, rapid recovery, and reduced postoperative pain [1]. 

To ensure visibility during laparoscopic surgery, pneumo-

peritoneum is establlished by injecting air or gas intraperito-

neally under controlled pressure. The most commonly used 

gas is carbon dioxide due to its high diffusion rate [2]. The 

physiologic effects of pneumoperitoneum include reduced 
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Background: Due to its various advantages, laparoscopic surgery is preferred over laparoto-
my in patients who require hepatic resection. Carbon dioxide embolism —which occurs ap-
proximately ten times more often in laparoscopic hepatectomy than in general laparoscopic 
surgery—presents with insignificant symptoms and may be overlooked. 

Case: A 70-year-old male with hepatic cell carcinoma underwent laparoscopic hepatectomy. 
Though his vital signs were stable during the initiation of surgery, they became unstable 
during the procedure. The surgeon detected portal vein rupture, and transesophageal echo-
cardiography was subsequently performed. A large amount of gas in the heart chamber and 
paradoxical embolism through a patent foramen ovale due to a right-to-left shunt were ob-
served. We treated the symptoms, and the surgery was completed without any further is-
sues. 

Conclusions: Active use of transesophageal echocardiography to identify and monitor heart 
functions during a suspected carbon dioxide embolism can significantly reduce morbidity 
and mortality associated with that embolism. 

Keywords: Gas embolism; Hepatectomy; Laparoscopy; Paradoxical embolism; Patent fora-
men ovale; Transesophageal echocardiography.  

cardiac output and increased systemic vascular resistance. 

CO2-induced pneumoperitoneum causes additional effects, 

such as respiratory acidosis and deep vein thrombosis [3]. 

CO2 embolism occurs when CO2 is injected into the vascular 

system. In animal and human studies using transesophageal 

echocardiography (TEE), the incidence of CO2 embolism 

during laparoscopic procedures was 65–100%, and though 

these embolisms resulted in respiratory and cardiovascular 

compromise, they resolved spontaneously. Though the inci-

This is an Open Access article distributed under the terms of the Creative Commons Attribution Non-Commercial License (http://creativecommons.org/licenses/by-nc/4.0) which permits 
unrestricted non-commercial use, distribution, and reproduction in any medium, provided the original work is properly cited.
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dence of significant CO2 embolisms that cause detrimental 

outcomes is rare (0.001% to 0.59%) [2], they can manifest as 

a life-threatening complication during laparoscopic hepa-

tectomy [4]. The incidence of CO2 embolism during general 

laparoscopic surgery is 0.15% but rises to 1.2–4.6% during 

laparoscopic hepatectomy, which is approximately ten times 

higher than that observed during general laparoscopic sur-

gery [4,5]. 

We encountered a case of CO2 embolism due to portal 

vein rupture during laparoscopic surgery for hepatic cell 

carcinoma in a 70-year-old male. We detected the embolism 

early using perioperative TEE and responded appropriately. 

Herein, we report this case. 

CASE REPORT 

Written informed consent was obtained from our patient 

for the publication of this report. Institutional Review Board 

approval number DFE21ORIO101, Daegu Fatima Hoapital.

A 70-year-old male (height 154.6 cm, weight 53.6 kg) was 

diagnosed with hepatic cell carcinoma and admitted for lap-

aroscopic right colectomy posterior sectionectomy (right 

hepatic vein preserving). The patient had experienced a ce-

rebral infarction at 67 years of age but he did not present 

with any significant sequelae. He also had a history of be-

nign prostatic hyperplasia and major depressive disorder. 

Electrocardiography (ECG), chest computed tomography, 

pulmonary function test, transthoracic echocardiography 

(TTE) and laboratory examinations (complete blood count 

[CBC], partial and activated partial thromboplastin times, 

aspartate transaminase/alanine transaminase levels, blood 

urea nitrogen-to-creatinine ratio, glomerular filtration rate, 

sodium level, potassium level, protein level, albumin level 

and urinalysis), were performed. 

Results of the CBC revealed hemoglobin and hematocrit 

levels at 11.8 g/dl and 36.9%, respectively. Chest computed 

tomography showed the presence of a calcified nodule (0.9 

cm) at segment 7 of the liver, subsegmental atelectasis in the 

right middle and left upper lung lobes, and mild atheroscle-

rotic calcification at the aorta. The patient’s left ventricular 

systolic function was normal (visual estimated ejection frac-

tion 60%), with no regional wall motion abnormality. Im-

paired relaxation and increased intima-media thickness of 

the right common carotid artery were observed on TTE. 

The patient was administered intramuscular glycopyrro-

late (0.2 mg) and intravenous famotidine (20 mg) 30 min be-

fore surgery. Non-invasive blood pressure (BP) monitoring, 

ECG (lead II), pulse oximetry, end-tidal (Et) CO2 monitoring, 

and bispectral index (BIS) monitoring were performed. Be-

fore induction of anesthesia, vital signs were checked, and a 

BP of 211/94 mmHg (mean BP of 133 mmHg), heart rate 

(HR) of 60 beats/min with regular sinus rhythm, and periph-

eral oxygen saturation (SpO2) of 98% were noted. 

For anesthesia induction, 100% oxygen (O2) was adminis-

tered through a mask, and 1% lidocaine (50 mg), propofol 

(120 mg), and rocuronium (50 mg) were administered intra-

venously. Tracheal intubation was performed using a cuffed 

endotracheal tube with an internal diameter of 7.5 mm. An-

esthesia was maintained at a BIS of 40–60 using 2 L/min of 

O2, 2 L/min of fresh air, 2.0 vol% of sevoflurane, and remifen-

tanil 3.7 μg/kg/h to 7.5 μg/kg/h. The EtCO2 level was main-

tained in the range of 35– 40 mmHg with a volume-con-

trolled ventilator (tidal volume, 450 ml, respiratory rate 14 

breaths/min, positive end-expiratory pressure 0 mmHg, in-

spiration-expiration ratio 1:2). Arterial BP (ABP) was main-

tained in the range 60–110 mmHg based on mean ABP 

(MAP). At the surgeon’s request, a low central venous pres-

sure (CVP) of <  5 mmHg was maintained during the opera-

tion. Rocuronium was administered intravenously at a rate 

of 26 mg/h. Intravenous fluid was maintained at a rate of 200 

ml/h with plasma solution. 

Arterial cannulation was performed for continuous BP 

monitoring in the right radial artery, and a central venous 

catheter was placed in the right subclavian vein. The surgery 

was performed with the patient in the left semilateral decu-

bitus position using the supraumbilical trocar insertion and 

CO2 intraperitoneal insufflation techniques. Pneumoperito-

neum was maintained using a variable-flow insufflator with 

a pressure of 12 mmHg.  

Two hours into the procedure, an ABP of 76/51 mmHg 

(MAP, 59 mmHg) and an HR of 84 beats/min were noted. 

The ABP was stable after administering 100 μg of phenyl-

ephrine bolus intravenously. At 3 h, an ABP of 74/52 

mmHg (MAP, 59 mmHg) and an HR of 84 beats/min were 

noted, and 50 μg of phenylephrine was again administered 

intravenously by bolus. 

After 4 h, the patient’s vital signs were stable, although a 

blood loss of 500 ml was noted. Therefore, 500 ml of 6% hy-

droxyethyl starch fluid was injected through the C-line over 

1 h. Five hours into the procedure, the EtCO2 level suddenly 

increased from 35 mmHg to 55 mm Hg, ABP decreased from 

106/63 mmHg (MAP, 77 mmHg) to 57/45 mmHg (MAP, 49 

mmHg), SpO2 decreased from 97% to 45%, HR decreased 

from 97 beats/min to 84 beats/min, and CVP increased from 
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3 mmHg to 6 mmHg. Additionally, ECG showed a change in 

the regular sinus rhythm (SR) to SR with ST elevation. The 

BIS remained at 40–45. We informed the surgeon of the pa-

tient’s condition and started ventilation with 100% O2 and 

immediately administered 10 μg of epinephrine intravenous-

ly while injecting plasma solution at 1,000 ml/h. Subsequent-

ly, norepinephrine was administered intravenously, starting 

at 0.1 μg/kg/min and increased to a rate of 0.5 μg/kg/min. 

For ECG changes, nitroglycerin was administered intrave-

nously at 0.6 μg/kg/min. Arterial blood gas analysis (ABGA) 

showed a pH of 7.119, partial pressure of CO2 (PaCO2) of 75.9 

mmHg, partial pressure of O2 (PaO2) of 96 mmHg, bicarbon-

ate (HCO3) level of 24.6 mM/L, and an arterial oxygen satura-

tion (SaO2) of 94%. A check of vital signs after 5 min showed 

an ABP of 109/58 mmHg (MAP, 75 mmHg), an HR of 103 

beats/min, and a CVP of 5 mmHg. The SpO2 was 81%, EtCO2 

was 55 mmHg, and the BIS was 31. However, 5 min later the 

SpO2 changed to 100% and EtCO2 to 33 mmHg. The ST eleva-

tion on ECG disappeared and regular sinus rhythm was ob-

served. The vital signs were stable for approximately 20 min, 

although EtCO2 changed to 60 mmHg, ABP to 73/48 mmHg 

(MAP, 56 mmHg), HR to 95 beats/min, CVP to 4 mmHg, SpO2 

to 41%, and the BIS to 31 (from 45). At this time, the ST eleva-

tion was observed again on ECG. Accordingly, norepineph-

rine was increased to 0.75 μg/kg/ min, and dobutamine was 

injected intravenously at a rate of 6.2 μg/kg/min. We main-

tained ventilation with 100% O2 and administered plasma 

solution at 1,000 ml/h intravenously. 

ABGA showed a pH of 6.93, PaCO2 of 110.6 mmHg, PaO2 

of 38 mmHg, an HCO3 level of 26.8 mM/L, and an SaO2 of 

42%. We informed the surgeon of the patient’s condition, 

and the surgeon conveyed information regarding the portal 

vein laceration that had occurred during the procedure. As a 

gas embolism was strongly suspected, the bed was immedi-

ately changed to the head-down and right-up position to 

prevent neurological complications and retard the move-

ment of CO2 to the left heart chambers. TEE was performed. 

The intraoperative TEE findings showed that the septum 

between the right and left atria was open, which was unde-

tectable on preoperative TTE. Air bubbles moved to the left 

atrium in the mid-esophageal bicaval view on TEE (Supple-

mentary Video 1, Fig. 1). Additionally, in the mid-esophageal 

aortic valve short-axis view, air bubbles were observed in the 

aortic valve and the right-to-left shunt was identified using 

color Doppler imaging (Supplementary Video 2, Fig. 2). A 

large number of air bubbles were observed in the left atrium 

and ventricle, and the opening of the right and left atrial sep-

ta in the mid-esophageal four-chamber view (Supplementa-

ry Video 3, Fig. 3). The air bubbles in the left ventricle moved 

to the aorta in the mid-esophageal long axis view (Supple-

mentary Video 4, Fig. 4). 

After 30 min, the patient’s vital signs were checked and the 

following were noted: ABP, 107/74 mmHg (MAP 85 mmHg); 

HR, 91 beats/min; CVP, 4 mmHg; SpO2, 100%; EtCO2. 38 

mmHg; and BIS, 41. On the ABGA, a pH of 7.241, PaCO2 of 

57.0 mmHg, PaO2 of 141 mmHg, an HCO3 level of 23.1 mM/

L, and an SaO2 of 99% were observed. Air bubbles were not 

observed on TEE, the right-to-left shunt of the atrial septum 

was not noted, and vital signs remained stable. The surgery 

was completed without any further complications. 

Fig. 1. Mid-esophageal bicaval view of the transesophageal echocardiogram. (A) The septum between the right and left atria is observed to 
be closed, and (B) the septum between the right and left atria is observed to be open. LA: left atrium, IVC: inferior vena cava, SVC: superior 
vena cava, RA: right atrium.
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The patient was administered sugammadex (200 mg) to 

reverse the effects of the neuromuscular blocking agents and 

extubation was performed. After confirming that our patient 

had recovered consciousness, he was transferred to the re-

covery room while an infusion of norepinephrine, dobuta-

mine, and remifentanil was maintained. In the recovery 

room, the patient had an ABP of 105–141/40–59 mmHg 

(MAP, 61–86 mmHg) and an HR of 97–110 beats/min. The 

patient had a stable ECG that showed regular sinus rhythm 

and he had an alert mental status. ABGA showed a pH of 

7.239, PaCO2 of 45.3 mmHg, PaO2 of 96.1 mmHg, HCO3 of 

18.9 mM/L, and SaO2 of 96.1%. Hemoglobin and hematocrit 

levels of 10.7 g/dl and 33.7%, respectively, were checked us-

ing a CBC. TTE was conducted in the recovery room, con-

firming that there were no air bubbles in the heart and that 

the right and left atrial septa were closed. 

After spending 1 h in the recovery room, the patient was 

transferred to the intensive care unit. Norepinephrine was 

maintained at 0.15 μg/kg/min, dobutamine at 5.6 μg/kg/

min, and nitroglycerin at 0.6 μg/kg/min. 

The patient was discharged from the hospital without car-

diopulmonary or neurological sequelae. 

In a post-surgery discussion with the surgeon, he informs 

us that there was a portal vein rupture approximately 5 min 

Fig. 2. Mid-esophageal aortic valve short-axis view of the 
transesophageal echocardiogram with color Doppler shows blood 
flow (right-to-left shunt) between the right and left atrial septa. LA: 
left atrium, AV: aortic valve, RA: right atrium, RVOT: right ventricular 
outflow tract.

Fig. 3. Mid-esophageal four-chamber view of the transesophageal echocardiogram. (A) During the left ventricle systolic period, the mitral 
valve is closed, and air bubbles are observed in the left atrium. (B) During the left ventricle diastolic period, the mitral valve is opened, and 
a large number of air bubbles are observed in the left ventricle. LA: left atrium, RA: right atrium, MV: mitral valve, RV: right ventricle, LV: left 
ventricle.

Fig. 4. Mid-esophageal long axis view of the transesophageal 
echocardiogram shows the gas in the left ventricle passing 
through the aorta. LA: left atrium, AV: aortic valve, LV: left ventricle.
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prior to the occurrence of the first symptom (Fig. 5).

DISCUSSION 

Intraoperative significant CO2 embolism in laparoscopic 

hepatic surgery is a rare, severe complication and can occur 

when a blood vessel with a pressure lower than the intra-ab-

dominal pressure is opened [6]. In venous embolism, emboli 

pass to the right heart or pulmonary artery/central vein. Ar-

terial air embolism is caused by the introduction of air to the 

left heart chamber through paradoxical air embolism due to 

intracardiac shunt, cardiac surgery, or direct inflow into the 

artery, such as decompression barotraumas or penetrating 

trauma [7]. When CO2 enters the circulatory system, a CO2 

embolism moves to the inferior vena cava through the right 

atrium and right ventricle and enters the pulmonary artery 

or pulmonary circulatory system. This mechanism is called 

a “gas lock” [8,9]. During hepatic laparoscopy, peritoneal in-

sufflation and gall bladder or liver dissection occur mainly in 

two stages and are normally associated with venous air em-

bolism [10]. 

CO2 in the circulatory system is eliminated through three 

main mechanisms: diffusion, conversion to carbonic acid by 

binding to water, or binding to a protein. When a CO2 embo-

lism enters pulmonary circulation, elimination is achieved 

by reabsorption to an adjacent structure. Air trapped in the 

pulmonary circulatory system until the end of this process 

stops pulmonary blood flow, leading to an increase in venti-

latory dead space that causes acute hypoxemia and hyper-

capnia. An acute increase in pulmonary vascular resistance 

occurs with acute right atrium strain, leading to right heart 

failure and possible circulatory collapse. Moreover, accumu-

lation of air in the left ventricle prevents adequate diastolic 

filling and air is pumped into the coronary arteries during 

systole, impeding coronary perfusion [11]. 

Clinical symptoms of CO2 embolism include rapid de-

crease or increase in EtCO2, elevated pulmonary arterial 

pressure, marked hypotension, dysrhythmias, hypoxia, cya-

nosis, pulmonary edema, and precordial or esophageal aus-

cultation of “mill” murmur. 

As mentioned above, when a CO2 embolism occurs, either 

a sudden decrease or sudden increase in the EtCO2 level is 

possible. The decrease in EtCO2 is due to the decrease in sig-

nificant perfusion resulting from a decrease in pulmonary 

blood flow as the inflow of CO2 enters the pulmonary circu-

lation and “gas locking” occurs. On the other hand, the 

Fig. 5. Timeline of the occurrence of CO2 embolism. MAP: mean arterial pressure, EtCO2: end-tidal carbon dioxide, SpO2: saturation of 
percutaneous oxygen, STE: ST elevation, ECG: electrocardiography, FiO2: fraction of inspired oxygen, IV: intravenous, NE: norepinephrine, 
NTG: nitroglycerin, TEE: transesophageal echocardiography, ICU: intensive care unit. *In a post-surgery discussion with the surgeon, he 
informs us that there was a portal vein rupture approximately 5 min prior to the occurrence of the first symptom.
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EtCO2 increases as the concentration of CO2 in the blood in-

creases as this gas dissolves rapidly in the bloodstream. In 

the case of general pulmonary gas embolism, as the pulmo-

nary vasculature is obstructed, pulmonary perfusion de-

creases and dead space increases, resulting in a decrease in 

EtCO2. However, when paradoxical embolism occurs due to 

patent foramen ovale, the inflow of CO2 is pumped from the 

left ventricle, moves to the circulatory system or coronary 

artery, dissolves in the blood, and the CO2 concentration in 

the blood increases, causing an elevation in EtCO2 levels. In 

both sets of circumstances, the PaCO2 increases as CO2 flows 

directly into the bloodstream [9]. 

In the case of our patient, both EtCO2 and PaCO2 were ob-

served to increase simultaneously. This would happen be-

cause CO2 is continuously absorbed into the blood due to 

pneumoperitoneum, and a large amount of CO2, introduced 

through the portal vein rupture, would move through the 

PFO and dissolve rapidly through the entire circulatory sys-

tem. EtCO2 and PaCO2 levels would then increase simulta-

neously.  

However, CO2 embolism generally presents with non-spe-

cific symptoms and may be overlooked. Air bubbles detect-

ed through perioperative TEE are often the only clinical 

manifestation of the condition. In this case, air bubbles were 

observed in the right atrium, right ventricle, pulmonary ar-

tery, and inferior vena cava on TEE. Therefore, although it is 

not routinely used in laparoscopic surgery, TEE is a sensitive 

tool for diagnosing CO2 gas embolism, and even small em-

boli can be detected [9,12]. 

Early recognition is crucial in the treatment of CO2 embo-

lism. However, even if CO2 embolism is suspected during 

laparoscopy, it is difficult to directly capture the embolism 

through imaging as it takes several minutes to set up the TEE 

equipment and the highly soluble CO2 rapidly diffuses into 

the bloodstream. Thus, EtCO2 monitoring is critical for the 

early detection of venous CO2 embolism [13]. If CO2 embo-

lism is suspected, prompt action should be taken. Possible 

treatments for this type of embolism include contracting the 

pneumoperitoneum, inducing hyperventilation, moving the 

patient into the Trendelenburg position, aspiration (using a 

central venous catheter), intravenous fluid administration, 

and hyperbaric oxygen therapy [2]. 

In our case, CO2 embolism occurred due to a laceration of 

the portal vein. Considering the sudden rise in EtCO2 and 

changes in vital signs, we suspected that there were two in-

flows of CO2. When the second inflow occurred, close com-

munication between the surgeon and anesthesiologist en-

abled prompt identification of a suspected CO2 gas embo-

lism and rapid use of TEE to identify the CO2 bubbles. More-

over, bubbles were observed in the left atrium and ventricle, 

as well as the right atrium. Using color Doppler imaging, we 

identified that right-to-left shunt occurred through the sep-

tum of the right and left atria. 

At the first inflow, we reported to the surgeon that the pa-

tient’s vital signs were unstable, but all vital signs stabilized 

within 5 min. The surgeon did not tell us that the portal vein 

had ruptured. When the second inflow occurred and we re-

ported it, we were informed about the portal vein rupture. 

Therefore, CO2 embolism was strongly suspected when the 

second event occurred. As no specific cardiac abnormalities 

such as PFO were observed on the TTE performed for pre-

operative evaluation, it was difficult to suspect coronary air 

occlusion due to paradoxical embolism, and stress-induced 

cardiomyopathy was more strongly suspected. 

As the patient had a PFO, “gas locking,” which occurred in 

the right atrium and pulmonary artery, increased pulmo-

nary arterial and right atrial pressure, forcing the foramen 

ovale open. In addition, ST elevation was observed, possibly 

due to the pumping of gas from the left ventricle to the coro-

nary arteries. When gas embolism occurs during positive 

pressure ventilation in patients with a PFO, gas escapes from 

the right atrium into the left atrium through the opened fo-

ramen ovale, resulting in paradoxical gas embolism [14]. 

In our patient, although preoperative TTE was performed, 

a PFO was not diagnosed. The PFO would not have been 

identified on TTE because the foramen ovale remained 

closed by the left and right atrial pressure gradients, even 

with incomplete closure [15]. 

In this case report, we aimed to emphasize the prevalence 

of CO2 embolism and the necessity of communication be-

tween surgeons and anesthesiologists in the operating room 

to identify pivotal moments of vascular exposure. Through 

effective communication, we can quickly recognize potential 

and fatal complications during laparoscopic hepatic surgery. 

Moreover, given the limitations, perioperative TEE is actively 

recommended if any of the following situations occur: an in-

crease in abdominal pressure due to pneumoperitoneum, 

changes in vital signs, and changes in the patient’s condition 

due to organ damage. Morbidity and mortality due to CO2 

embolism can be significantly reduced if the condition is rec-

ognized early during laparoscopic hepatic surgery, and the 

symptoms are promptly diagnosed and responded to when 

an event occurs. In conclusion, care should be taken with pa-

tients undergoing laparoscopic surgery involving large veins 

402 www.anesth-pain-med.org

Anesth Pain Med Vol. 17 No. 4



to prevent catastrophic CO2 embolism.  
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Background: Coronary artery disease (CAD) is increasing worldwide due to the aging popu-
lation and cardiometabolic syndrome. However, the extent of postoperative myocardial inju-
ry, the most common cause of death during the 30 days after noncardiac surgery, remains 
unclear with respect to liver transplant (LT) patients with CAD. We examined the link be-
tween post-LT high sensitivity cardiac troponin I (hs_cTnI) and long-term survival according 
to liver disease severity. 

Methods: Consecutive patients who underwent LT (n = 3,220) from 2010 to 2020 were 
evaluated retrospectively. CAD was defined as a history of coronary artery bypass surgery or 
percutaneous intervention, or previous myocardial infarction. Peak hs_cTnI levels within 30 
days post-transplant were compared in patients with and without CAD. The primary endpoint 
was defined as an all-cause mortality at 12 years following LT. Secondary endpoints include 
peak hs_cTnI level within post-transplant 30 days and 30-day mortality. Survival analysis 
was performed using the Kaplan–Meier method. 

Results: CAD patients (n = 264, 8.2%) had higher peak hs_cTnI levels within 30 days post-
LT than those without CAD (median [interquartile]: 0.068 [0.030–0.154] vs. 0.087 [0.037–
0.203] ng/ml, respectively; P = 0.004); however, the mortality rate was comparable (14.7% 
vs. 14.8%, respectively, P = 0.999), at 12 years, and 1.9% vs. 1.1% (P = 0.522) at 30 days, 
respectively, at 30 days.  Subgroup analysis with stratified liver disease severity identified a 
similar risk of long-term mortality.

Conclusions: Although the peak hs_cTnI level within 30 days was higher in revascularized 
or treated CAD patients after LT compared those without CAD, long-term mortality rates at 
12 years and 30-day mortality rate were comparable. 

Keywords: Coronary artery disease; Liver transplant; Mortality; Troponin I.

INTRODUCTION 

The prevalence of coronary artery disease (CAD) is rising 

worldwide due to an increase in coronary risk factors such 

as aging, obesity, diabetes, and cardiometabolic syndrome 

[1,2]. About 25% of liver transplantation (LT) candidates with 

traditional coronary risk factors may have a moderate degree 

of CAD (stenosis ≥  50%), even though they are asymptom-

This is an Open Access article distributed under the terms of the Creative Commons Attribution Non-Commercial License (http://creativecommons.org/licenses/by-nc/4.0) which permits 
unrestricted non-commercial use, distribution, and reproduction in any medium, provided the original work is properly cited.
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atic [2,3]. However, there is a consensus that CAD should not 

be regarded as an absolute contraindication to LT if patients 

are treated appropriately [3,4]. 

Cardiac death or postoperative myocardial injury is the 

leading cause of death within the first 30 days after noncar-

diac surgery [5–7]. Similarly, in the modern era of LT, cardio-

vascular events are the leading cause of early and late mor-

tality [8]. However, the extent of myocardial injury or dam-

age, as assessed by measurement of high sensitivity cardiac 

troponin I (hs_cTnI) after LT, in patients with CAD remains 

unclear. 

In the current study, we first examined the extent of hs_

cTnI increase within 30-day after LT in the patients with 

CAD. We then compared long-term mortality and 30-day 

mortality in the patients with and without CAD. In the sub-

group analysis, we observed the long-term mortality across 

the stratification of liver disease severity, because high mod-

el for end-stage liver disease (MELD) score may affect the 

outcomes of CAD patients. 

MATERIALS AND METHODS 

Study population 

A total of 4,432 consecutive, prospectively registered pa-

tients who underwent LT from January 2010 to February 

2020 were enrolled. Of these, 1,212 were excluded for the 

following reasons: 227 were <  18 years old, 180 underwent 

retransplantation after rejection of the initial graft, 131 had 

acute fulminant liver failure, 130 had toxic hepatitis, and 544 

had incomplete hs_cTnI data. Finally, 3,220 patients were 

included in the analysis (Fig. 1). 

Data collection 

Baseline demographic characteristics, laboratory, and 

perioperative variables related to LT were collected using 

fully computerized database extraction software (ABLE, 

Asan Biomedical Research Environment). The study design 

and a waiver of informed consent from participants were 

approved by the Institutional Review Board (no 2022-0511). 

The MELD score, a known index of liver disease severity, 

was calculated using variables measured during hospitaliza-

tion for LT. When variables were measured repeatedly, they 

were updated at the time of LT. 

As a part of our institution’s routine post-LT cardiac work-

up since 2008, all LT recipients were assessed with transtho-

racic echocardiography, coronary computed tomography 

(CT) angiography, B-type natriuretic peptide and hs_cTnI 

levels. All recipients, irrespective of signs and symptoms of 

heart failure/myocardial injury, have their hs_cTnI concen-

tration measured immediately after LT (i.e., on postoperative 

day [POD] 1); this was repeated at least once on POD2 or 

POD3 [9,10]. Additionally, when patients suffered signs and 

symptoms of an adverse cardiovascular event, including 

myocardial ischemia, within 30 days after LT, hs_cTnI levels 

were measured and followed-up. In the current study, the 

peak hs_cTnI level within 30 days after LT was used for anal-

ysis. Hs_cTnI was assessed using the ADVIA Centaur XP 

TnI-Ultra (Siemens Healthcare Diagnostics, USA; the 99th 

percentile upper reference limit [URL] =  0.04 pg/L; lower 

limit =  0.006 ng/L). 

1. Outcomes and follow-up 

Mortality data were collected from the medical records 

database and the institution’s LT Registry, which is updated 

regularly by the Organ Transplantation Center. The primary 

endpoint was defined as an all-cause mortality at 12 years 

following LT and secondary endpoint include 30-day mor-

tality and peak hs_cTnI level within post-transplant 30 days. 

Liver disease severity was assessed with the stratification of 

MELD score: MELD score <  16, MELD score 16–30 and 

MELD score >  30. 

Fig. 1. Flow diagram of current study.

Patients underwent liver transplantation
between January 2010 and February 2020

(n = 4,432)

Excluded (n = 668)
  - Age < 18 years (n = 227)
  - Re-transplantation (n = 180)
  - Toxic hepatitis (n = 180)
  - Fulminant hepatits (n = 130)
  - Incomplete data (n = 544)

Enrolled (n = 3,220)

Patients with 
coronary artery disease 

(n = 264)

Patients without 
coronary artery disease 

(n = 2,956)
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Statistics 

Data were expressed as the mean and standard deviation, 

as the median and interquartile range (for continuous vari-

ables), or as numbers and percentages (for categorical vari-

ables). Intergroup comparisons were performed using a 

t-test or the Mann–Whitney U test (for continuous vari-

ables), or the χ2 test or Fisher’s exact test (for categorical vari-

ables), as appropriate. Kaplan–Meier survival curves were 

used to depict the risk of all-cause mortality during the en-

tire follow-up period. To evaluate the relationship between 

clinical and biochemical parameters, liver disease severity, 

and mortality events, a Cox proportional multiple regression 

model was built, and adjusted hazard ratios (HR) were ob-

tained for long-term mortality. Covariates included in long-

term survival analysis were age, sex, body mass index, dia-

betes, hypertension, MELD score, intraoperative red blood 

cell transfusion, and postreperfusion syndrome and CAD. 

Statistical analyses were conducted using R (version 4.1.2, R 

Foundation for Statistical Computing, Austria) with a signifi-

cance level of 0.05. 

RESULTS 

Of 3,220 LT recipients included in the study (Table 1), the 

median age was 54.0 (interquartile, 49, 59) years, and 2,411 

(74.9%) were male. The MELD score was 14 (9, 22) (Table 1). 

The primary causes of liver disease were virus-related liver 

cirrhosis (65.8%), alcoholic liver disease (22.9%), and others 

(4.1%). 

Table 1. Demographics and Perioperative Variables According to CAD

Variable CAD (–) (n =  2,956) CAD (+) (n =  264) Total (n =  3,220) P value
Demographics
 Age (yr) 54 (48, 59) 57 (53, 62) 54 (49, 59) <  0.001

 Male 2,178 (73.7) 233 (88.3) 2,411 (74.9) <  0.001

 Body mass index (kg/m2) 24.2 (21.9, 26.5) 24.7 (22.4, 27.0) 24.2 (22.0, 26.6) 0.059

 MELD score 14 (9, 23) 13 (9, 20) 14 (9, 22) 0.221

 Cardiovascular disease 379 (12.8) 264 (100.0) 643 (20.0) <  0.001

 Diabetes mellitus 680 (23.0) 113 (42.8) 793 (24.6) <  0.001

 Hypertension 511 (17.3) 79 (29.9) 590 (18.3) <  0.001

 Varix bleeding 51 (1.7) 3 (1.1) 54 (1.7) 0.643

 Intractable ascites 863 (29.2) 88 (33.3) 951 (29.5) 0.180

 Pre-LT RRT 229 (7.7) 23 (8.7) 252 (7.8) 0.660

 Pre-LT vasopressor use 128 (4.3) 10 (3.8) 138 (4.3) 0.796

 Pre-LT ventilator use 172 (5.8) 8 (3.0) 180 (5.6) 0.080

Etiology of liver cirrhosis
 Viral cirrhosis 1,966 (66.5) 153 (58.0) 2,119 (65.8) 0.006

 Alcoholic cirrhosis 657 (22.2) 80 (30.3) 737 (22.9) 0.004

 Biliary cirrhosis 120 (4.1) 2 (0.8) 122 (3.8) 0.012

 Other disease 10 (0.3) 1 (0.4) 11 (0.3) 1.000

Laboratory findings
 Total bilirubin 2.0 (1.0, 6.5) 1.8 (0.9, 4.2) 2.0 (1.0, 6.3) 0.040

 Prothrombin time, INR 1.42 (1.20, 1.81) 1.38 (1.17, 1.71) 1.41 (1.20, 1.79) 0.147

 Creatinine (mg/dl) 0.79 (0.64, 1.00) 0.80 (0.67, 1.06) 0.80 (0.64, 1.01) 0.114

 Serum sodium (mEq/L) 139 (135, 141) 138 (135, 141) 139 (135, 141) 0.240

Intraoperative variables
 pRBC transfusion 8 (3, 16) 9 (4, 17) 8 (3, 16) 0.013

 Postreperfusion syndrome 1,737 (58.8) 179 (67.8) 1,916 (59.5) 0.005

Outcome after LT
 30-day mortality 56 (1.9) 3 (1.1) 59 (1.8) 0.522

 Overall mortality 434 (14.7) 39 (14.8) 473 (14.7) 1.000

Values are presented as median (1Q, 3Q) or number (%). CAD: coronary artery disease, MELD: model for end-stage liver disease, LT: liver 
transplantation, RRT: renal replacement therapy, pRBC: packed red blood cells, INR: international normalized ratio.
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CAD patients 

CAD patients (n =  264, 8.2%) were older, and had a higher 

prevalence of diabetes, hypertension, alcoholic cirrhosis, 

and a history of previous cardiovascular disease including 

stroke; however, the pretransplant MELD score for CAD and 

non-CAD patients was similar. Intraoperatively, patients 

with CAD required transfusion of more red blood cells (me-

dian [interquartile], 9.0 [4.0, 17.0] vs. 8.0 [3.0, 16.0] units, P =  

0.013) and were more likely to suffer from postreperfusion 

syndrome (67.8% vs. 58.8%, P =  0.005). Following LT, pa-

tients with CAD had higher peak hs_cTnI levels within 30 

days of LT than those without CAD (0.087 [0.037, 0.203] vs. 

0.068 [0.030, 0.154] ng/ml, respectively; P =  0.004). 

30 day and long-term mortality 

All-cause mortality (14.7% vs. 14.8%, P =  0.999, Fig. 2) at 

12 years and at 30 days (1.9% vs. 1.1%, P =  0.522) was similar 

for patients with and without CAD. 

When patients are grouped with peak hs_cTnI >  0.04 ng/

ml and hs_cTnI ≤  0.04 ng/ml level within 30 days of LT, pa-

tients with CAD did not show differences in mortality com-

pared with those without CAD (Fig. 3). 

In multivariable Cox proportional HR analysis, CAD did 

not remain as an important determinant for long-term sur-

vival, as expected in the univariate analysis (Fig. 4). 

Subgroup analysis after stratification according to liver 

disease severity (MELD score <  16, 16–30, or >  30) revealed 

a comparable risk of long-term mortality (log-rank P =  0.41, 

P =  0.89, and P =  0.52, respectively) (Fig. 5). 

DISCUSSION 

In the current study, the peak hs_cTnI level within 30 days 

after LT was higher in those with CAD; however, we found 

long-term mortality rates at 12 years were comparable with 

those of patients without CAD, irrespective of liver disease 

severity.  

We evaluated postoperative peak hs_cTnI levels within 30 

days in a large cohort of LT patients, especially those with 

CAD. Only a few studies have analyzed hs_cTnI levels in the 

field of LT surgery, despite the importance of post-LT myo-

cardial injury [11]. 

Myocardial injury after noncardiac surgery (MINS) is de-

fined as myocardial injury/damage caused by ischemia oc-

Fig. 2. Kaplan–Meier plot showing cumulative overall survival rate between patients with and without coronary artery disease (CAD).
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Fig. 3. Impact of coronary artery disease (CAD) prevalence on cumulative overall survival rate between patients with low (≤ 0.04 ng/ml) 
and high (> 0.04 ng/ml) troponin I (TnI).

curring during or within 30 days after surgery [7]. Among 

patients undergoing cardiac and noncardiac surgery, peak 

postoperative troponin levels during the first 3 days 

post-surgery are significantly associated with 30-day mortal-

ity, and a number of studies show that elevated cardiac tro-

ponin is an independent predictor of major adverse cardiac 

events [11,12]. Therefore, perioperative troponin screening 

is highly recommended because it can identify patients with 

MINS who are at higher risk for major cardiovascular events 

after noncardiac surgery. Another study shows that after liv-

ing-donor LT surgery, myocardial injury detected by elevat-

ed hs-cTnI levels immediately after surgery is independently 

associated with adverse outcomes during hospital stay [11]. 

LT can be an extremely stressful event for patients with 

end-stage liver disease because they often suffer from refrac-

tory hypotension, tachyarrhythmia, massive bleeding with 

extreme anemia, inferior vena cava clamping, prolonged va-

soplegia with high dose vasopressors, and acute overload of 

ventricular preload during surgery [9,13,14]. Additionally, 

afterload increase during the immediate postoperative peri-

od transforms silent cardiovascular disease into early heart 

failure status [15–17]. Therefore, it might not be surprising 

that CAD patients had higher postoperative hs_cTnI levels. 

However, the difference was not sufficiently high to discrim-

inate long-term mortality in the current study, suggesting 

that adequately treated CAD patients may tolerate the stress-

ful event well, as did patients without CAD, resulting in com-

parable long-term outcomes. 

By contrast, a previous retrospective study [10] of 2,118 

consecutive LT patients who underwent CAD screening us-

ing coronary CT angiography identified unknown obstruc-

tive CAD ( >  50% narrowing, 9.2% prevalence) in 21.7% of 

patients with three or more known CAD risk factors listed by 

the American Heart Association (i.e., diabetes mellitus, hy-

pertension, prior cardiovascular disease, left ventricular hy-

pertrophy, age >  60 years, smoking, and dyslipidemia) [18]. 

Of these, two-vessel or three-vessel obstructive CAD had a 

4.9-fold higher post-LT type 2 myocardial infarction risk than 

normal coronary vessels [10]. This finding emphasizes the 

importance of pretransplant identification of unknown CAD, 

and administration of appropriate treatments such as revas-

cularization. 

However, another study evaluated cardiovascular events 

after LT; patients were stratified according to the presence 

and severity of CAD, as measured by coronary angiography. 

The authors found no evidence of a relationship between 

the presence and severity of CAD and composite cardiovas-

cular events and concluded that the risk of cardiovascular 

events during the immediate post-transplant period is not 

associated with the presence or severity of CAD [19]. 
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Fig. 4. Uni- and multivariable cox regression analysis with long-term mortality rates at 12 years. BMI: body mass index, MELD: model for 
end-stage liver disease, RBC: red blood cell, PRS: post-reperfusion syndrome, CAD: coronary artery disease, CI: confidence interval.

Similarly in the Satapathy et al.’s study [4], it was empha-

sized that listing for LT after appropriate revascularization in 

the preoperative period in patients with high risk for poten-

tial or known CAD would lead to similar post-LT survival 

compared with those without obstructive CAD irrespective 

of underlying severity, or extent disease, if appropriately re-

vascularized. In the current study, our definition of patients 

with CAD was already revascularized or treated patients 

from old myocardial infraction. Therefore, our results show-

ing comparable long-term outcomes in patients with and 

without CAD are in line with previous studies [4,20]. Specifi-

cally, our comparable long-term results were across the 

stratification of liver disease severity of MELD score, which 

importantly affect the critical determinants of post-LT sur-

vival. 

In multivariable Cox proportional HR analysis, CAD did 

not remain significant, however, age, body mass index 

(BMI), MELD score, and intraoperative red blood cell 

transfusion remained significant. Of these, although above 

variables remained are generally expectable for important 

risk factors of long-term mortality, decreased BMI is inter-

esting. Presumably, it is thought that low BMI might be as-

sociated with sarcopenia, which is known risk factors of 

poor LT outcomes [21]. However, further controlled study 
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will be needed. 

The current study has several limitations. Although the 

study cohort was collected prospectively, the retrospective 

review of mortality from medical records has limitations. 

Second, despite the large LT population, our patients are all 

from a single institution. Therefore, a prospective multi-

center study will be needed in the future. 

In conclusion, patients with CAD showed transient myo-

cardial injury with slightly higher peak hs_cTnI within 30 

days after LT compared with those without CAD, however, 

long-term mortality rates at 12 years and 30-day mortality 

rate were comparable. 
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INTRODUCTION 

Cardiovascular disease (CVD) is a major contributor to 

short- and long-term mortality after liver transplantation 

(LT) in the modern era [1], ahead of graft rejection and infec-

tion, therefore it is generally considered that exact preopera-

tive diagnosis and vigorous modification of CVD risks are 

mandatory [2–4].  
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waiting-list mortality. Although studies demonstrated that appropriately treated coronary ar-
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study was to compare the rates of all-cause death at 5 years following LT in patients with 
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Methods: Between 2010 and 2020, we evaluated 921 consecutive LT patients (MELD 
score, 32 ± 9) and ACLF classified by CLIF-C ACLF score. Up to 5-year all-cause death ac-
cording to the CAD status was examined. CAD was defined as a preoperative history of coro-
nary artery bypass graft or a percutaneous intervention and old myocardial infarction. Ka-
plan-Meier survival analysis was used. 

Results: Up to 5 years, 212 (23.0%) of all ACLF patients (n = 921) in whom 17 (29.3%) of 
58 CAD patients died. In patients with CAD (6.3%, 58/921), the Kaplan-Meier cumulative 
mortality rate at 5 years was numerically higher but was not statistically significant when 
compared with those without CAD (32.9% vs. 23.5%, log-rank, P = 0.25). In subgr oup analy-
sis, there were comparable risks of cumulative mortalities at 5 years across the stratifica-
tion of ACLF grade 1, 2, and 3 (log-rank P = 0.062, P = 0.72, and P = 0.999, respectively). 

Conclusions: All-cause mortality is high in patients with ACLF after LT but is not related to 
the presence of revascularized or treated CAD, across the stratification of ACLF grades. 

Keywords: Acute-on-chronic liver failure; Coronary artery disease; Liver transplantation; Mor-
tality.

Although severe obstructive coronary artery disease 

(CAD) was a contraindication at most centers previously, re-

cent studies have demonstrated that appropriately treated or 

revascularized CAD should not represent a contraindication 

to LT [5–7].  

Acute-on-chronic liver failure (ACLF), characterized by 

acute decompensation of cirrhosis with multi-organ failures, 

is associated with extremely high wait-list mortality [8]. Spe-
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unrestricted non-commercial use, distribution, and reproduction in any medium, provided the original work is properly cited.
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cifically, high-grade ACLF patients with more than three or-

gan failures have noticeably high post-LT mortality rates [9]. 

Therefore, considering the escalating risk profiles of the LT 

candidates with ACLF, decision making for LT in critically ill 

ACLF patients with a previous history of CAD is clinically 

challenging because data to predict long-term outcomes are 

lacking and understudied. 

The aim of this study was to compare rates of all-cause 

death at 5 years following LT in patients with ACLF with or 

without CAD, across the stratification of ACLF grade. 

MATERIALS AND METHODS 

Patients and data collection 

A total of 4,432 consecutive, prospectively registered pa-

tients who underwent LT from 2010 to 2020 were enrolled 

after approval from the Institutional Review Boards of Asan 

Medical Center (no. S2022-0688). Of these patients, accord-

ing to the STROBE (strengthening the reporting of observa-

tional studies in epidemiology) Statement with effort to ad-

dress potential sources of bias, we excluded patients with 

less than 18 years old, re-transplantation, toxic or fulminant 

hepatitis, and incomplete data (Fig. 1). Out of 3,764 end-

stage liver disease who underwent LT, final 921 ACLF pa-

tients according to definition from chronic liver failure con-

sortium ACLF score (CLIF-C ACLFs) was selected. 

Patient demographics, medical history, model for end-

stage liver disease score (MELDs), and laboratory and in-

traoperative variables were automatically obtained using a 

fully computerized data extraction software (ABLE). Mor-

tality data were obtained from patients’ electronic medical 

records and the updated record from the institution’s LT 

registry. 

ACLF definition and 6 organ failures 

Briefly, the CLIF-C ACLFs were defined as follows; Liver 

failure: bilirubin level of >  12 mg/dl, kidney failure: creati-

nine >  2.0 mg/dl or renal replacement, brain failure: hepatic 

encephalopathy grade by West-Haven, 3–4, coagulation fail-

ure: international normalized ratio ≥  2.5, circulatory failure: 

use of vasopressor, respiratory failure: PaO2/FiO2 ≤  200; 

SpO2/FiO2 ≤  214; or on ventilator treatment [10]. 

The grade of ACLF was based on the CLIF-C organ failure 

(CLIF-C OF) criteria including 6 failing organs (liver, kidney, 

brain, coagulation, circulation, and respiration). Briefly, a) 

presence of at least renal failure, b) any other single organ 

failure if associated with renal dysfunction (serum creatinine 

1.5–1.9 mg/dl) and/or grade I–II hepatic encephalopathy 

(ACLF-grade 1). Patients with two failing organs were graded 

as ACLF-grade 2, while those with three or more failing or-

gans were graded as ACLF-grade 3 [8,11]. 

Definition of CAD and outcome 

CAD was diagnosed by cardiologists based on the pre-

transplant history with imaging study and angiography. 

CAD was considered “appropriately treated” when patients 

with CAD have previous history of coronary artery bypass 

graft or percutaneous intervention and old myocardial in-

farction with antianginal medications. 

The primary outcome was Kaplan-Meier cumulative all-

cause mortality at 5 years since the date of LT. Mortality data 

were collected from the medical record database and the in-

stitution’s LT registry, which is regularly updated by the Or-

gan Transplantation Center.  

Statistics  

Data were expressed as mean with standard deviation or 

median with interquartile range (IQR) for continuous vari-

ables, and numbers and percentages for categorical vari-

ables. In univariate statistical comparisons, the chi-square 

test or Fisher’s exact test was used for categorical variables, 

Student’s t-test and Mann–Whitney test for continuous vari-

Fig. 1. Flow diagram.

Patients underwent liver transplantation between 
January 2010 and December 2020 (n = 4,432)

Excluded (n = 668)
· Age < 18 years (n = 227)
· Re-transplantation (n = 180)
· Toxic or fulminant hepatitis  

(n = 261)

Enrolled (n = 3,764)

Acute-on-chronic liver 
failure patients 

(n = 921)

Non acute-on-chronic 
liver failure patients 

(n = 2,843)
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ables, as appropriate. The Kaplan–Meier survival curve was 

used to depict the risk of all-cause mortality up to 5 years 

follow-up period. The proportional hazard assumption was 

tested by analysis of Schoenfeld residuals and log-rank test 

was performed for the comparison. When the assumption 

was violated, Gehan–Breslow–Wilcoxon test was used. To 

evaluate the relationship between clinical, biochemical pa-

rameters, liver disease severity and mortality events, a Cox 

proportional multiple regression model was built and ob-

tained adjusted hazard ratios (HR) for 5-year mortality. Co-

variates included for Cox analysis were age, sex, body mass 

index, diabetes, hypertension, MELD score, intraoperative 

red blood cell transfusion, and post-reperfusion syndrome. 

Statistical analyses were conducted in R (Version 4.1.2, R 

Foundation for Statistical Computing, Austria), with packag-

es of ‘moonBook’ [12], ‘autoReg’ [13], “survminer” [14] “sur-

vival” [15] and a 2-sided significance level of 0.05. 

RESULTS 

Of 921 ACLF patients included, their age was 52 (IQR: 

45.0, 58.0) years and men were 663 (72%). The MELDs were 

31.0 (26.0, 39.0) and total bilirubin was 22.0 (11.5, 32.7) mg/

dl. The primary causes of liver disease were hepatitis B or C 

virus-related liver cirrhosis (52.1%), alcoholic liver disease 

(32.5%) and others (15.4%) (Table 1). Prevalence of organ 

failures defined by CLIF-C ACLFs were liver failure (73.9%), 

respiratory failure (23.0%), kidney failure (32.2%), coagula-

tion failure (34.7%), circulatory failure (16.0%), and brain 

failure (12.5%), respectively (Table 2). 

CAD patients 

CAD patients (n =  58, 6.3%) showed increased age, and 

higher prevalence of history of previous cardiovascular dis-

ease including stroke and diabetes, but pretransplant MELD 

score and intraoperative transfusion amount and postreper-

fusion syndrome were similar (Table 1). 

All-cause mortality at 5 years 

In patients with CAD (6.3%, 58/921), the Kaplan-Meier 

cumulative mortality rate at 5 years was numerically higher 

but was not statistically significant when compared with 

Table 1. Descriptive Statistics by CAD in Patients with ACLF

Variable Without CAD (n =  863) With CAD (n =  58) Total (n =  921) P value
Age 52.0 (45.0, 58.0) 55.5 (50.0, 59.0) 52.0 (45.0, 58.0) 0.001

Sex, male 617 (71.5) 46 (79.3) 663 (72.0) 0.258

BMI 23.9 (21.3, 26.4) 24.3 (21.5, 27.6) 23.9 (21.3, 26.5) 0.247

MELD 31.0 (26.0, 39.0) 29.0 (25.0, 35.0) 31.0 (26.0, 39.0) 0.127

CVD 203 (23.5) 58 (100.0) 261 (28.3) 0.000

Diabetes 84 (21.3) 23 (39.7) 207 (22.5) 0.002

Hypertension 50 (17.4) 14 (24.1) 164 (17.8) 0.261

Varix bleeding 27 (3.1) 1 (1.7) 28 (3.0) 0.835

Intractable ascites 348 (40.3) 28 (48.3) 376 (40.8) 0.292

Pre-RRT 241 (27.9) 23 (39.7) 264 (28.7) 0.078

Pre-Vasopressor 137 (15.9) 10 (17.2) 147 (16.0) 0.928

Pre-Ventilator 194 (22.5) 8 (13.8) 202 (21.9) 0.166

Viral liver disease 457 (53.0) 23 (39.7) 480 (52.1) 0.068

Alcoholic liver disease 277 (32.1) 22 (37.9) 299 (32.5) 0.439

Biliary liver disease 57 (6.6) 2 (3.4) 59 (6.4) 0.501

Total bilirubin (mg/ml) 22.6 (11.7, 33.5) 15.2 (8.3, 22.9) 22.0 (11.5, 32.7) 0.001

INR 2.2 (1.8, 2.7) 2.2 (1.6, 2.8) 2.2 (1.8, 2.7) 0.829

Creatinine (mg/ml) 1.2 (0.8, 2.3) 1.3 (0.8, 2.5) 1.2 (0.8, 2.4) 0.907

Sodium (mmol/L) 136.0 (132.0, 139.0) 136.0 (132.0, 138.0) 136.0 (132.0, 139.0) 0.520

pRBC transfusion 16.0 (10.0, 26.0) 15.0 (10.0, 26.0) 16.0 (10.0, 26.0) 0.872

PRS 534 (61.9) 37 (63.8) 571 (62.0) 0.880

Values are presented as median (1Q, 3Q) or number (%). CVD: cardiovascular disease, ACLF: acute-on-chronic liver failure, BMI: body mass 
index, MELD: model-for end liver disease, RRT: renal replacement therapy, Pre-Vasopressor: preoperative use of vasopressor, Pre-Ventilator: 
preoperative use of ventilator, INR: international normalized ratio, pRBC: packed red blood cells, PRS: post-reperfusion syndrome.
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those without CAD (32.9% vs. 23.5%, log-rank, P =  0.25,  

Fig. 2). In subgroup analysis, there were comparable risks 

of cumulative mortality at 5 years across the stratification 

of ACLF grade 1, 2, and 3 (Gehan–Breslow–Wilcoxon P =  

0.19, log-rank P =  0.72, and log-rank P =  0.999, respective-

ly, Fig. 3). 

In multivariable Cox proportional HR analysis, CAD did 

not remain as an important determinant for 5-year survival, 

as expected in the univariate analysis (Fig. 4). 

DISCUSSION 

In the current study of 921 patients with ACLF, we found 

that 5-year all-cause mortality is high after LT but is not re-

lated to the presence of revascularized or treated CAD, 

across the stratification of ACLF grade 1,2, and 3. 

Table 2. Descriptive Statistics of Organ Failures in CAD Patients with ACLF

Variable Without CAD (n =  863) With CAD (n =  58) Total (n =  921) P value
CLIF liver failure 641 (74.3) 40 (69.0) 681 (73.9) 0.461

CLIF kidney failure 277 (32.1) 20 (34.5) 297 (32.2) 0.817

CLIF brain failure 110 (12.7) 5 (8.6) 115 (12.5) 0.475

CLIF coagulation failure 298 (34.5) 22 (37.9) 320 (34.7) 0.701

CLIF circulatory failure 137 (15.9) 10 (17.2) 147 (16.0) 0.928

CLIF respiratory failure 204 (23.6) 8 (13.8) 212 (23.0) 0.118

ACLF grading 0.673

 1 392 (45.4) 28 (48.3) 420 (45.6)
 2 263 (30.5) 19 (32.8) 282 (30.6)
 3 208 (24.1) 11 (19.0) 219 (23.8)

Values are presented as number (%). ACLF: acute-on-chronic liver failure, CAD: coronary artery disease, CLIF: chronic liver failure 
consortium.

Fig. 2. Kaplan–Meier plot by coronary artery disease (CAD).
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Fig. 3. Univariable and multivariable cox-proportional hazard regression analysis for the 5-year all-cause mortality. MELD: model for end-
disease liver disease, pRBC: packed red blood cell, PRS: post-reperfusion syndrome, CAD: coronary artery disease, CI: confidence interval.

Of numerous ACLF risk scoring systems such as The North 

American Consortium for the Study of End-Stage Liver Dis-

ease's definition (NACSELD-ACLF), The Asian Pacific Asso-

ciation for the Study of the Liver (APASL-ACLF) [16], the es-

tablished prognostic score of the European Association for 

the Study of the Liver-CLIF-C ACLF score has shown a great-

er ability to predict mortality compared to MELD incorpo-

rating sodium (MELD-Na) score in waiting list for LT 

[10,11,17]. Therefore, we adopted this score to grade patients 

with ACLF in the current study.  

ACLF is associated with tremendously high short-term 

mortality rates when multiple organ failures develop rapidly 

[16,18]. Therefore, LT is believed to be the only definite treat-

ment for patients with ACLF at present. Particularly, ACLF-

grade 2 or 3 appears to benefit the most from early LT [19]. 

Previous studies revealed that short-term mortality of pa-

tients with ACLF grade 3 is particularly high, approaching 

80% at 28-days before LT [16]. 

Pretransplant cardiac risk assessment can help prognosti-

cate long-term survival, allowing adequate LT allocation and 

optimization of clinical outcomes [20]. Of these, CAD preva-

lence is increasing among LT candidates together with aging 

and increasing prevalence of diabetes, obesity, hyperten-

sion, and non-alcoholic fatty liver disease, therefore, asymp-

tomatic moderate CAD is present in nearly 25% of LT candi-

dates [21]. 

Moon et al. [22] demonstrated that patients with comput-

ed tomography coronary angiography (CTCA) diagnosed 

obstructive CAD ( >  50% stenosis, 9.2% prevalence) and pa-

tients with severe stenosis ( >  70% stenosis, 4.2% prevalence) 

Hazard ratio (95% CI)

Age 1.04 (1.02–1.06, P < 0.001)
1.04 (1.02–1.05, P < 0.001)

1.03 (1.01–1.04, P < 0.001)
1.03 (1.01–1.04, P = 0.001)

1.02 (1.01–1.02, P < 0.001)
1.02 (1.01–1.02, P < 0.001)

0.89 (0.66–1.20, P = 0.450)
0.77 (0.57–1.04, P = 0.084)

0.96 (0.93–0.99, P = 0.020)
0.95 (0.92–0.99, P = 0.007)

1.35 (0.99–1.83, P = 0.054)
1.31 (0.96–1.79, P = 0.087)

1.06 (0.75–1.50, P = 0.746)
0.99 (0.69–1.42, P = 0.941)

1.15 (0.87–1.52, P = 0.335)
1.03 (0.77–1.37, P = 0.844)

1.33 (0.81–2.19, P = 0.255)
1.30 (0.78–2.14, P = 0.311)

Sex

Body mass index

Diabetes

Hypertension

MELD score

pRBC transfusion

PRS

CAD

2.01.0 1.50.5

5-year Mortality Multivariable Univariable
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showed occurrence of 6.2% and 8.9% post-LT type 2 myocar-

dial infarction (MI). Additionally, the prevalence of post-LT 

MI increased with increasing severity of CTCA-diagnosed 

CAD; the prevalence was 3.4%, 4.3%, and 21.4% in 1-, 2-, and 

3-vessel obstructive CAD, respectively [22]. 

The American Heart Association (AHA)/American Col-

lege of Cardiology Foundation (ACCF) scientific statement 

recommends further noninvasive functional stress testing if 

an LT candidate has 3 or more known CAD risk factors (dia-

betes mellitus, hypertension, prior cardiovascular disease, 

left ventricular hypertrophy, age of >  60 years, smoking, and 

dyslipidemia) [23]. In this regard, Moon et al. [22] recom-

mended that because the significant incidence of obstruc-

tive CAD (21.7%) in patients with 3 or more risk factors of or 

≥  3 AHA/ACCF risk factors, it seems advisable to test the 

CTCA in that population. 

Patel et al. [7], showed that there was no evidence of a re-

lationship between the presence and severity of CAD and 

composite cardiovascular events. Rather, only diabetes was 

associated with the likelihood of having a cardiovascular 

event. Therefore, they concluded that cardiovascular disease 

mortality is the most important contributor to early mortali-

ty after LT but is not related to the severity of CAD [7]. 

However, all those studies are not dedicated for the pa-

tients with critically ill LT recipients. The strength of our 

study is that we assessed the ACLF cohort, across the stratifi-

cation of ACLF grade 1, 2, and 3. Although patients with 

ACLF grade 1 closely reached the statically significant P val-

ue (P =  0.062), rather more severe ill patients of ACLF grade 

2 and 3 patients showed comparable results between pa-

tients with CAD and without CAD. These findings empha-

size the importance of pretransplant adequate treatment of 

severe obstructive CAD. 

Our study has several limitations, first, prospective multi-

center study is recommended because of our study’s retro-

spective characteristics. Secondly, we did not include the 

nonobstructive CAD or untreated patients with CAD in this 

study protocol, therefore further study is needed including 

Fig. 4. Kaplan–Meier plots by coronary artery disease (CAD) across the stratification of acute-on-chronic liver failure (ACLF) grade 1, 2, and 3. 
P value < 0.05 is considered significant in the figure.
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such patients. Thirdly, sample size of patients with CAD (n 

=  58) might not be sufficient for the statistical power, there-

fore, further study will be needed. However, this is one of the 

frontier studies to report the impact of CAD on post-trans-

plant outcomes on ACLF patients. 

In conclusion, 5-year all-cause mortality is not related to 

the presence of revascularized or treated CAD in patients 

with ACLF, across the stratification of ACLF grade 1, 2, and 3. 

As such, CAD, if appropriately treated, should not be an ex-

clusion criterion for undergoing LT in patients with ACLF. 
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INTRODUCTION 

In patients with end-stage liver disease, concomitant im-

mune dysregulation is common and is a pathogenetic factor, 

even in the absence of overt infection [1,2]. Therefore, liver 

transplantation (LT) recipients’ preoperative immune status 

may have an important role in determining post-LT survival 

[3–6]. The need for prognosticators of outcomes after LT are 
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of great clinical and scientific interest, as they may allow for 

closer observation and earlier intervention in those at risk. 

The C-reactive protein (CRP)–to–albumin ratio (CAR) is a 

proxy of inflammation degree or nutritional deficiency and 

is considered as reliable predictor of morbidity and mortali-

ty among critically ill patients [7,8]. Elevated CRP, alone, is 

used as a prognostic marker in the critical care setting [9], as 

well as for patients in the postoperative state, for it reflects 
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patients’ conditions in association with malignancy [10], 

sepsis, and inflammatory diseases [9]. Reduced albumin lev-

els are common in critically ill patients and can reflect de-

compensated liver cirrhosis, renal insufficiency, or malnu-

trition [10,11]. The prognostic value of the CAR is reported to 

be higher and more consistent compared with CRP or albu-

min alone [12,13]. Previous studies have demonstrated the 

prognostic value of the CAR in the LT population: it may es-

timate the risk of early allograft failure after LT [14]. However, 

to our knowledge, the association between preoperative 

CAR and survival following LT has been studied only among 

living-donor LT or the sample sizes were rather small [15,16]. 

This study assessed the prognostic value of preoperative 

CAR on outcomes following LT in large numbers of cohort (n 

=  3,614). Specifically, we investigated whether the CAR 

could predict one-year mortality after LT and compared it 

with other inflammation-based indices, such as lympho-

cyte-to-monocyte ratio (LMR), modified Glasgow prognos-

tic score (mGPS), systemic immune-inflammation index 

(SII), platelet-to-lymphocyte ratio (PLR), and prognostic nu-

tritional index (PNI). We further evaluated the association 

between the CAR and overall mortality following LT. 

MATERIALS AND METHODS 

Patients 

The data of 4,655 recipients who underwent LT from Janu-

ary 2010 through December 2020 at Asan Medical center 

were collected using a computerized patient data recording 

system (Asan Biomedical Research Program [ABLE], Seoul, 

Korea). The inclusion criteria were the LT recipients at Asan 

Medical center during the observation time and the exclu-

sion criteria were age <  18 years (n =  215); retransplantation 

(n =  197); and patients with chronic kidney disease (n =  99), 

toxic hepatitis (n =  114), and incomplete laboratory data (n 

=  385). Finally, 3,614 LT recipients were enrolled. 

CRP, albumin, whole blood counts with differential 

counts, and platelet counts were routinely evaluated for all 

patients as part of preoperative laboratory evaluation. The 

CRP levels were divided by albumin levels, respectively, to 

calculate CARs. Lymphocyte counts were divided by mono-

cyte counts, respectively, to calculate LMRs. The platelet 

count was divided by the lymphocyte count to calculate the 

PLR. The mGPS (0, 1, and 2) was defined as follows: 0, if CRP 

was within the normal range, regardless of albumin; 1, CRP 

>  1 mg/dl and albumin ≥  3.5 g/dl; and 2, if both CRP >  1 

mg/dl and albumin <  3.5 g/dl [17]. The SII was calculated as 

the preoperative absolute platelet count ×  neutrophil count/ 

lymphocyte count. The PNIs were calculated, respectively, 

as the sums of albumin levels and 0.005 ×  absolute lympho-

cyte counts. 

This study was approved by the Institutional Review Board 

of Asan Medical Center (no. 2022-0572), Seoul, Korea, which 

waived the requirement for written informed consent be-

cause of the study’s retrospective design. This study was 

conducted in accordance with the ethical standards of the 

Helsinki Declaration of 1975. 

Outcome measures 

Mortality data were collected from our institution’s medi-

cal records database and LT registry, which is regularly up-

dated by the Organ Transplantation Center. The primary 

aim was to investigate whether the CAR was associated with 

one-year and the secondary aim was overall mortality fol-

lowing LT.  

Anesthetic technique and immunosuppressants  

General anesthesia was performed according to our insti-

tutional protocol, as reported elsewhere [14]. Briefly, induc-

tion was conducted using propofol and rocuronium, with 

maintenance using 1% sevoflurane, a 50% O2/air mixture, 

and continuous infusion with remifentanil and rocuronium. 

Femoral and radial arterial blood pressure were monitored, 

and pulmonary artery catheters were inserted; deprived he-

modynamic variables were monitored. 

Statistical analysis 

Continuous variables are described as mean ±  standard 

deviation or median and interquartile range (IQR) after test-

ing distributional normality. Categorical variables are pre-

sented as frequencies (%). The Student t-test, the Mann–

Whitney U test, and the chi-square test or the Fisher exact test 

were used for comparing between groups, as appropriate. 

Area under the receiver operating characteristic curve 

(AUROC) values were computed to assess the discrimina-

tion ability of CAR, LMR, mGPS, SII, PLR, and PNI with one-

year mortality. The variable with the highest AUROCs, CAR, 

was dichotomized using optimal cutoff points according to 

the maximum Youden index. To investigate the association 

with one-year and overall mortality, we conducted univari-
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ate and multivariable Cox proportional hazards regression 

analysis using backward elimination with variables yielding 

P <  0.1 in the univariate analysis. The Kaplan–Meier analy-

sis with log-rank testing was performed to compare cumula-

tive one-year and overall mortality rates between high and 

low CARs. 

All reported P values were two-sided and <  0.05 were con-

sidered significant. Data manipulation and analyses were 

performed using R, version 4.1.3 (The R Foundation for Sta-

tistical Computing, Austria). “plotROC” [18] and “survival” 

[19] packages were used. 

RESULTS 

Patient background 

The demographics of the 3,614 patients are presented in 

Table 1. Overall, there were 244 (6.8%) deaths within 1 year 

after LT. 

Nonsurvivors had a higher mean Model for End-stage Liv-

er Disease-Sodium (MELD-Na) score (26 vs. 14, P <  0.001) 

and a higher prevalence of cardiovascular disease (31.6% vs. 

19.2%, P <  0.001) compared with survivors. Nonsurvivors 

had higher inflammatory parameters. Specifically, higher 

CAR (median [IQR]: 0.33 [0.09, 0.83] vs. 0.10 [0.04, 0.31], P <  

0.001) and SII (288 [134, 510] vs. 152 [87, 288], P <  0.001) and 

lower LMR (1.41 [0.85, 2.41] vs. 2.22 [1.36, 3.34], P <  0.001), 

indicating higher inflammatory status, were found in 

non-survivor compared to non-survivors. 

Discrimination ability and best cutoff of one-year 
mortality 

The AUROC was slightly higher for the CAR (AUROC =  

0.68 [0.65–0.72]) compared with the LMR (AUROC =  0.65 

[0.61–0.69]), although statistical significance was not 

reached (DeLong’s test P =  0.248). The CAR showed a statis-

tically significant higher AUROC compared with the mGPS 

(AUROC =  0.64 [0.60–0.67], DeLong’s test P <  0.001), SII 

(AUROC =  0.64 [0.60–0.68], DeLong’s test P =  0.080), PLR 

Table 1. Demographic and Perioperative Characteristics of Recipients for Liver Transplantation According to One-year Survival

Variable
Preoperative NLR

P valueOne-year survivor 
(n =  3,370, 93.2%)

One-year non-survivor 
(n =  244, 6.8%)

Total 
(n =  3,614)

Patients’ demographics
Age (yr) 54 (49 ±  59) 57 (49 ±  63) 54 (49 ±  59) <  0.001

Male sex 2,502 (74.2) 180 (73.8) 2,682 (74.2) 0.930

Body mass index (kg/m2) 24.2 (22.0 ±  26.5) 23.7 (21.4 ±  26.4) 24.2 (22.0 ±  26.5) 0.058

MELD-Na score 14 (9 ±  24) 26 (14 ±  38) 14 (9 ±  25) <  0.001

Cardiovascular disease 646 (19.2) 77 (31.6) 723 (20.0) <  0.001

Diabetes 800 (23.7) 74 (30.3) 874 (24.2) 0.025

Hypertension 593 (17.6) 36 (14.8) 629 (17.4) 0.297

Etiology of cirrhosis
Viral 2,177 (64.6) 131 (53.7) 2,308 (63.9) 0.001

Alcoholic 792 (23.5) 63 (25.8) 855 (23.7) 0.456

Biliary 117 (3.5) 12 (4.9) 129 (3.6) 0.319

Other disease 51 (1.5) 4 (1.6) 55 (1.5) 1.000

Deceased-donor 408 (12.1) 88 (36.1) 496 (13.7) <  0.001

Inflammatory parameters
C-reactive protein-albumin ratio 0.10 (0.04, 0.31) 0.33 (0.09, 0.83) 0.10 (0.04, 0.34) <  0.001

LMR 2.22 (1.36, 3.34) 1.41 (0.85, 2.41) 2.17 (1.32, 3.29) <  0.001

mGPS (0/1/2) 2,572 (76.3)/180 (5.3)/618 (18.3) 120 (49.2)/30 (12.3)/94 (38.5) 2,692 (74.5)/210 (5.8)/712 (19.7) <  0.001

SII 152 (87, 288) 288 (134, 510) 158 (89, 301) <  0.001

PLR 79 (56, 116) 82 (54, 129) 79 (56, 116) 0.440

PNI 36 (31, 40) 36 (31, 39) 36 (31, 40) 0.141

Values are expressed as the mean ± SD, number (%), or median (1Q, 3Q) for continuous variables. NLR: neutrophil to lymphocyte ratio, 
MELD-Na score: Sodium-adjusted Model for End-Stage Liver Disease score, LMR: lymphocyte-to-monocyte ratio, mGPS: modified Glasgow 
prognostic score, SII: systemic immune-inflammation index, PLR: platelet-to lymphocyte ratio, PNI: prognostic nutrition index.
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(AUROC =  0.52 [0.47–0.56], DeLong’s test P <  0.001), and 

PNI (AUROC =  0.53 [0.49–0.57], DeLong’s test P <  0.001) 

(Fig. 1). The optimal CAR cutoff value for detecting one-year 

mortality was 0.34, with a sensitivity of 50% and a specificity 

of 76.8%. CAR was dichotomized at a cutoff 0.34 for further 

analysis.  

One-year and overall mortality after LT  

Overall, 244 patients (6.8%) died within 1 year of LT, and 

572 (15.8%) died by the end of follow-up (Table 2). Signifi-

cantly higher one-year mortality (120 of 901 [13.3%] vs.124 of 

2,713 [4.6%], log-rank P <  0.001, Fig. 2) and overall mortality 

rates (221 of 901 [24.5%] vs. 351 of 2,713 [12.9%], log-rank P 

=  0.039) were observed among patients with high CARs ( ≥  

0.34) relative to those with lower CARs ( <  0.34). 

To evaluate the risk factors associated with one-year mor-

tality, univariate and multivariate Cox-proportional hazards 

analysis revealed that high CAR ( ≥  0.34) was significantly 

associated with a higher risk of one-year mortality, before 

(hazard ratio, HR [95% confidence interval, 95% CI] =  3.09 

[2.40–3.97], P <  0.001) and after multivariate adjustment 

(HR [95% CI] =  1.40 [1.03–1.90], P =  0.031). Other clinical 

variables associated with one-year mortality were age, 

MELD-Na score, diabetes, cardiovascular disease, and de-

ceased-donor LT (Fig. 3). 

High CARs ( ≥  0.34) were independently associated with 

higher overall mortality, before (HR [95% CI] =  2.08 [1.76–

Fig. 1. Receiver operating characteristic curve between inflammation-
based variables for predicting one-year mortality after liver 
transplantation. CRP: C-reactive protein.

Table 2. Demographic and Perioperative Characteristics of Recipients for Liver Transplantation According to C-reactive Protein-to-albumin Ratio 
(CAR < 0.34, ≥ 0.34)

Variable
Preoperative C-reactive protein-to-albumin ratio

P value
CAR <  0.34 (n =  2,713, 75.1%) CAR≥ 0.34 (n =  901, 24.9%)

Patients’ demographics
Age (yr) 54 (49 ±  59) 54 (47 ±  60) 0.241

Male sex 2,005 (73.9) 677 (75.1) 0.490

Body mass index (kg/m2) 24.3 (22.3 ±  26.6) 23.8 (21.3 ±  26.4) <  0.001

MELD-Na score 12 (9 ±  18) 28 (20 ±  37) <  0.001

Cardiovascular disease 480 (17.7) 243 (27.0) <  0.001

Diabetes 630 (23.2) 244 (27.1) 0.021

Hypertension 497 (18.3) 132 (14.7) 0.014

Etiology of cirrhosis
Viral 1,878 (69.2) 430 (47.7) <  0.001

Alcoholic 553 (20.4) 302 (33.5) <  0.001

Biliary 66 (2.4) 63 (7.0) <  0.001

Other disease 35 (1.3) 20 (2.2) 0.069

Deceased-donor 186 (6.9) 310 (34.4) <  0.001

Outcome
One-year mortality 124 (4.6) 120 (13.3) <  0.001

Overall mortality 351 (12.9) 221 (24.5) <  0.001

Values are expressed as the mean ± SD or number (%). CAR: C-reactive protein-to-albumin ratio, MELD-Na score: Sodium-adjusted Model 
for End-Stage Liver Disease score.
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Fig. 2. Univariable and multivariable analysis of risk factors with one-year mortality after liver transplantation as the outcome. MELD-Na 
score: Sodium-adjusted Model for End-Stage Liver Disease score, CRP: C-reactive protein, CI, confidence interval.

Fig. 3. Cumulative one-year mortality risk according to Kaplan–
Meier analysis. CAR: C-reactive protein-to-albumin ratio.

2.46], P <  0.001) and after multivariate adjustment (HR [95% 

CI] =  1.39 [1.13–1.71], P =  0.002) (Fig. 4).   

DISCUSSION 

Accumulating evidence from previous studies suggests 

that the CAR is a reliable prognosticator of outcome and in-

dicator of patient status [7,8,12–16]. Specifically, among pa-

tients undergoing LT with prevalent concomitant immune 

dysregulation [20], a higher CAR is reported to be associated 

with poorer liver cirrhosis prognosis and higher early al-

lograft dysfunction following LT [14]. 

The results from our large, single-center cohort expand 

the prognostic value of the CAR to predict survival following 

LT. A high CAR was associated with an increased risk of mor-

tality, shown by the independent association of CAR ≥  0.34 

with a 1.4-fold higher risk of one-year survival compared 

with CAR <  0.34. This association was independent of the 
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recipient’s general condition, as shown by the MELD-Na 

score or donor status (deceased or living). The CAR was also 

predictive of long-term prognosis, as indicated by an inde-

pendent association of long-term mortality after LT. Of note, 

the CAR was a superior prognostic index compared with 

other inflammation-based parameters. 

It is reported that patients with cirrhosis have a high prob-

ability of bacterial infections and systemic inflammation and 

endotoxemia derived from gut microbiota [21], which is as-

sociated with a worse prognosis. Therefore, early detection 

and adequate management may be essential to improving 

the prognosis in this population [22]. Previous studies have 

shown that parameters reflecting systemic inflammatory 

status, such as CRP levels [23] or serum gamma globulin 

[21], are associated with increased risk of mortality. There-

fore, inflammation-based prognostic scores, possibly easily 

calculated with high predictability, may be practical in risk 

stratification in LC populations. 

Use of the CAR as prognostic marker was first proposed by 

Fairclough et al. [24] for identifying acutely sick patients. 

Since then, the usefulness of the CAR as predictor of out-

comes has been reported in studies investigating diverse co-

horts, such as critically ill patients [7,8,25], in cirrhotic popu-

lations awaiting LT [14], as well as in patients undergoing 

colorectal [26], pancreatic [27] and gastro-esophageal [10] 

surgery. 

Previous studies on the use of the CAR in LT recipients 

have used relatively small sample sizes. Park et al. [16] 

showed the association between early allograft dysfunction 

and graft survival with the CAR in 588 patients undergoing 

living-donor LT. A study by Amygdalos et al. [15] demon-

strated higher post-LT morbidity and mortality among pa-

Fig. 4. Univariable and multivariable analysis of risk factors with overall mortality after liver transplantation as the outcome. MELD-Na 
score: Sodium-adjusted Model for End-Stage Liver Disease score, CRP: C-reactive protein, CI, confidence interval.
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tients with high CARs undergoing deceased-donor LT (n =  

390). Our study finding is in line with previous studies and 

expand the implications of the CAR to predicting mortality 

after LT regardless of donor status. Interestingly, the predic-

tive ability of the CAR remained strong in predicting overall 

survival, which was in line with previous studies of de-

ceased-donor LT; however, further studies are needed to 

confirm this association.  

The high predictive value of CAR may lie in that it is com-

posite of two renowned predictive factors. Separately, CRP is 

a well-known, indicator of systemic inflammation, and the 

predictive value is documented in the critical care setting [9] 

and post-operative stage. Albumin reflects patients’ nutri-

tion status, therefore reduced albumin levels are commonly 

found in critically ill patients [10,11] and is proven to be as-

sociated with post-operative morbidity after major surgery 

[28–30]. The possible explanation for the strong relationship 

between the CAR and mortality is that it is a single variable 

reflecting both systemic inflammation and nutritional status. 

In other words, it may accurately indicate “sicker” patients 

by including more information about patients’ underlying 

status, compared with other inflammation-based variables, 

such as the LMR. However, the exact mechanistic explana-

tion for this clinical observation should be elucidated in fu-

ture research. 

One other interesting finding of current study is that de-

ceased-donor was significantly associated with one-year 

and overall mortality. Although the underlying mechanism 

is not clear in both studies, it may be due to the difference of 

intraoperative process (such as less transfusion in living do-

nor LT) and shorter waiting time. 

Our study has some limitations. First, as this was a retro-

spective study, we cannot be certain that all probable con-

founding factors were considered. Although we attempted 

to adjust for diverse factors associated with LT outcomes us-

ing multivariable analysis, unanticipated confounding vari-

ables contributing to mortality may exist. Second, we were 

unable to explain the underlying mechanisms causing our 

findings. Future prospective research is needed to explain 

the mechanisms underlying the association between the 

CAR and mortality after LT, which may lead to the develop-

ment of beneficial therapeutic interventions. 

In summary, our study proposes the CAR as an additional 

prognostic tool based on its prognostic for LT recipients. No-

tably, the CAR could discriminate the risk of one-year and 

overall mortality independent of patients’ liver function, as 

shown by MELD-Na scores and the type of donor (deceased 

or living). The CAR, an easily calculated variable from labo-

ratory findings, provides additional information that may 

improve risk stratification and assist the overall assessment 

of persons awaiting LT. 
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INTRODUCTION 

Many people seek medical treatment for back pain. The 

incidence of people who have experienced neck pain at least 

once in their lifetime in South Korea is reported to be 20.8–

78.3% of the total population depending on age [1,2]. More 

people reported to have experienced low back pain (53.8–

81.3%) [3,4]. Systemic medication therapy using nonsteroi-

dal anti- inflammatory drugs and opioids, injection thera-

pies using steroids or local anesthetics, exercise therapies, 

etc. are considered as effective management for chronic low 

back pain [5]. Among the injection therapies, epidural injec-

tion, facet joint injection, medial branch block, etc. are com-

monly performed for symptom relief, treatment, and diag-
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nosis [6–9]. 

South Korea ranks No. 1 worldwide in terms of smart-

phone ownership and internet usage, and people regard 

digital technology essential in all aspects of life. Eight out of 

10 people acquire health information via the world wide 

web [10,11]. YouTube (http://www.youtube.com) is the larg-

est online video platform and the world’s second-largest in-

ternet site with the highest number of daily users. There are 

more than 2 billion users of YouTube per month, and more 

than 1 billion videos are views per day. The information 

available on YouTube is not confined to time and space. 

Most people search for information on YouTube instead of 

using search engines such as Google. YouTube is an open 

platform where any user can upload videos. Although there 

This is an Open Access article distributed under the terms of the Creative Commons Attribution Non-Commercial License (http://creativecommons.org/licenses/by-nc/4.0) which permits 
unrestricted non-commercial use, distribution, and reproduction in any medium, provided the original work is properly cited.
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are many useful videos uploaded by experts and recom-

mended for others to view, there are also instances of inac-

curate, commercial videos made by nonprofessionals. Inac-

curate or misleading medical information received from 

world wide web often puts patients at significant risk [12]. 

The goal of this study was to evaluate whether YouTube 

can be a reliable source of information. A qualitative evalua-

tion of information provided by uploaded videos regarding 

the spinal injection therapy was performed. The videos were 

searched through a Korean keyword on YouTube. An assess-

ment was made on whether patients living in South Korea 

were provided with accurate and sufficient information 

about spinal injection through YouTube uploaded videos. 

MATERIALS AND METHODS 

YouTube search was implemented on June 22, 2021 by cre-

ating new accounts. The web browser history was cleared to 

exclude any recommended videos of previous viewing re-

cords by the YouTube algorithm. “Spinal injection (cheog-chu 

ju-sa)” in Korean characters was the keyword to search. The 

inclusion criteria were as follows: (1) video with the title and 

text descriptions in Korean, (2) video that could be viewed by 

searching the keyword “spinal injection (cheog-chu ju-sa)” in 

Korean characters, and (3) videos’ view count was 10,000 or 

more. The exclusion criteria were as follows: (1) video that a 

Korean-speaking person cannot understand, (2) video miss-

ing either audio or video component, and (3) duplicate vid-

eos. One of the 51 videos that met inclusion criteria was a du-

plicate video and excluded from the study. Therefore, the re-

maining 50 videos were included in the statistics (Fig. 1). 

The following points were recorded for each video: (1) the 

total number of views of the video, (2) the length of the video 

(seconds), (3) the upload time (months ago), (4) the number 

of likes, (5) the number of dislikes, (6) the content of the vid-

eo (i.e., description of disease and back injection procedure, 

video showing the procedure, video explaining alternative 

medicine, and advertising video), and (7) producer of the 

video (i.e., doctor, allied health professional, nonmedical 

professionals, and professional broadcasting channels). 

The quality of the video was evaluated after reviewing 

each one independently by two pain clinic physicians using 

the uniform resource locator (URL) links organized in a 

spreadsheet. Pain physician A had 10 years of medical expe-

rience and worked as an anesthesia and pain medicine spe-

cialist for 5 years. Pain physician B had 10 years of medical 

experience and worked as a resident in the department of 

anesthesiology and pain medicine for 3 years. 

The global quality score (GQS) five-point scale described 

by Bernard et al. [13] in 2007 on patients with inflammatory 

bowel disease was used for this study. Table 1 presents the 

overall scores of each category. 

It was also evaluated using modified DISCERN (mDIS-

CERN), which was used in the qualitative study of consumer 

health information in Charnock et al. [14]. mDISCERN con-

sists of five questions: (1) Are the aim and topic clear? (2) Is 

the source of the information used reliable? (3) Is the infor-

mation provided balanced without bias? (4) Are additional 

reference lists provided to patients? (5) Are areas of uncer-

tainty mentioned? If the mDISCERN score is ≥  3, the infor-

mation can be considered reliable. 

Statistical analysis was performed using SPSS Statistics 

Table 1. Global Quality Score Five-Point Scale [13]

Global 
score Global score description

1 Low quality, poor flow of video, missing most of the infor-
mation, not useful to the patient at all

2 Generally, low quality and poor flow, some information is 
listed, but many important topics are missing, so it is of 
very limited use to patients

3 Moderate quality, suboptimal flow, some important infor-
mation is adequately discussed, while others are miss-
ing, somewhat useful for patients

4 Good quality and generally good flow, most of the relevant 
information is listed, however, some topics are not cov-
ered, useful for patients

5 Excellent quality and excellent flow, very useful for patients

Criteria for evaluating the quality of medical information.
Fig. 1. Clinical trial flow chart. Selection and exclusion of YouTube 
videos for statistical analysis.

Included (n = 51)
  - Videos searched “cheog-chu ju-sa” in Korean
  - Videos in Korean language
  - View counts over 10,000

Excluded (n = 1)
  - Non-Korean language videos (n = 0)
  - Missing either audio or videos (n = 0)
  - Duplicate videos (n = 1)

Evaluate videos 
by two pain physicians (n = 50)

Statistical analysis (n = 50)
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Version 18.0 (IBM Co., USA). Continuous variables such as 

the video’s view count, the length of the video, the time the 

video was made, the number of likes and dislikes were orga-

nized by calculating the mean and standard deviation. Co-

hen’s Kappa coefficient was used to secure reliability for the 

quality evaluation by the two pain clinic physicians. Table 2 

shows the relative strength of agreement according to the 

Kappa statistic [15].  

Institutional Review Board approval was unnecessary for this 

study because only public access data were used for this study. 

RESULTS 

The total playback time of the 50 evaluated videos was 

24,871 s; the average was 497.4 s (standard deviation [SD], 

619.7) and the length ranged from 56 s to 4,337 s. The aver-

age period for which videos had been posted was 21.1 (SD, 

17.8) months, and it ranged from 0 to 98 months. The total 

number of views of the videos was 5,573,018, with an aver-

age of 111,460.3 (SD, 265,516.8), ranging from a minimum of 

10,391 to a maximum of 1,261,361. The average number of 

likes (thumbs up) was 2,600 (SD, 7,779.8), with a minimum 

of 32 and a maximum of 48,000. The average number of dis-

likes was 58 (SD, 135.3), ranging from a minimum of 1 to a 

maximum of 697. The average GQS scores evaluated by two 

pain clinic doctors were 3.0 and 3.5, respectively, and the 

standard deviations were 1.3 and 1.4. The Kappa statistic be-

tween the two doctors’ GQS scores was 0.285, which indicat-

ed a fair strength of agreement. The average mDISCERN 

scores were 2.8 and 3.0, respectively, and the standard devi-

ations were 1.0 and 0.9. The Kappa statistic between the two 

doctors’ mDISCERN scores was 0.417, which indicated a 

moderate strength of agreement (Table 3). 

About 76% of the videos included contents that explained 

the process, complications, and progress of the injection 

procedure. About 16% of the videos explained treatments 

other than the injection procedure; 6% were videos of the 

actual injection procedure; and 2% were advertisements re-

garding injection drugs (Fig. 2). 

About 50% of the videos were created and uploaded by 

pain clinic physicians, 38% were created by a professional 

broadcasting channel or a health specialized broadcasting 

channel, 6% were made by allied health professionals, non-

pain clinic physicians, and 6% of the videos were made by 

nonphysicians (Fig. 3). All the uploaded videos by pain clinic 

physicians revealed the hospital where he or she worked. 

DISCUSSION 

The percentage of low-quality videos with a GQS score of 

≤  2 was 22–34%. mDISCERN score of ≤  2 was 18–36%, 

which indicated that these videos could be misleading or 

unhelpful to viewers. Only one video in the present study 

was considered as an advertisement; however, half of the 

videos (50%) were uploaded by physicians from a local pain 

clinic who may directly or indirectly operated business. 

Therefore, the purpose of posting such a video could be con-

Table 2. Relative Strength of Agreement According to Kappa 
Statistic [14]

Kappa statistic Strength of agreement
<  0.00 Poor

0.00–0.20 Slight
0.21–0.40 Fair
0.41–0.60 Moderate
0.61–0.80 Substantial
0.81–1.00 Almost perfect

Assess the concordance between the two groups.

Table 3. General Characteristics of Videos

Characteristics of videos Value 
Length of video (s) 497.4 ±  619.7 (56–4,337)
Posting period (mo) 21.1 ±  17.8 (0–98)
View counts (n) 111,460.3 ±  265,516.8 (10,391–1,261,361)
Number of likes (n) 2,600.0 ±  7,779.8 (32–48,000)
Number of dislikes (n) 58.0 ±  135.3 (1–697)
GQS score—Physician A 3.0 ±  1.3 (1–5) (≤  2 score, n =  17 [34%])
GQS score—Physician B 3.5 ±  1.4 (1–5) (≤  2 score, n =  11 [22%])
mDISCERN score—Physician A 2.8 ±  1.0 (1–5) (≤  2 score, n =  18 [36%])
mDISCERN score—Physician B 3.0 ±  0.9 (1–5) (≤  2 score, n =  9 [18%])

Values are presented as mean ± SD (minimum–maximum). GQS: global quality score, mDISCERN: modified DISCERN scale.
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sidered as advertising. 

A study by Chang and Park [16] evaluated epidural steroid 

injection on YouTube by searching in English. The average 

GQS score was confirmed as 2.3 and the average mDISCERN 

score was 1.5, which was lower than in this study. This dif-

ference could be because of the quality of the Korean spinal 

injection video was higher than that of the English spinal in-

jection video, or could be because the number of Korean 

videos was remarkably small and there was little interest. 

Among the two doctors, the doctor with less experience 

gave a more favorable score to the video with all. For this rea-

son, a relatively low Kappa concordance was shown, and the 

Kappa concordance was found to be higher in mDISCERN, 

which has a more complex evaluation criterion than GQS. 

Various attempts have been made to provide effective pa-

tient education in all fields of medical departments. In one 

study on alcoholics, medical staff provided face-to-face edu-

cation to patients, distributed pamphlets containing relevant 

information, and installed monitors in the clinic to play in-

formative videos repeatedly. The training was reported to be 

effective, and the training effects lasted longer after repeated 

exposure [17]. In a similar way, adequate and sufficient ex-

planation to patients with back pain not only increased pa-

tient satisfaction but also significantly helped with post-treat-

ment managements such as posture correction, stretching 

and exercise, and weight control [18]. In view of this, if educa-

tion can be provided easily and repeatedly using video plat-

forms such as YouTube, it will be certainly helpful for the 

treatment of back pain. 

There are cases in which the disease progressed or wors-

ened as a result of patients misinterpreting medical data ar-

bitrarily collected from the internet [12,19]. Another study 

that evaluated the quality of YouTube videos for patient edu-

cation regarding hysterectomy concluded that YouTube was 

not a reliable source because more than half of the videos 

were of poor quality [20]. 

The majority of videos on YouTube provided some useful 

information and knowledge regarding the disease to pa-

tients who had no previous knowledge of spinal injection. 

However, key information were omitted in most videos. 

There were also videos that presented biased or unverified 

opinion about injection treatment, which caused patients to 

miss the opportunity to receive treatment in a timely man-

ner. It has the potential to give patients the wrong view of 

spinal injections. Therefore, pain clinic doctors should be 

wary of medically misleading materials widespread in on-

line platforms such as YouTube and strive to create and dis-

tribute better-quality educational materials. If there is a spe-

cific video that the pain clinic physician wants the patient to 

view, one method would be to actively use a quick response 

code or a URL that can link the video directly to the patient. 

Despite the limitations of patient education revealed in 

studies regarding information through internet media and 

YouTube, as well as the limitations shown through this 

study, YouTube contents deliver visual information that is 

easier for patients to understand and can be played repeat-

edly. So, the educational potential of YouTube is undeniable. 

In conclusion, Korean spinal injection videos uploaded in 

YouTube seem to have some limitations in providing patient 

education. We must strive to show high-quality content vid-

eos to patients. 

FUNDING 

None. 

Fig. 2. Intension of videos. The subject of the video was 
summarized: explanation 76% (n = 38), procedure 6% (n = 3), topic 
unrelated to pain clinic treatment 16% (n = 8), advertising purpose 
2% (n = 1).

Fig. 3. Producers of videos. It is a summary of the major creators 
of the video, with pain doctors 50% (n = 25), allied health 
professionals such as folk therapists or physical therapists 6% (n = 
3), public broadcasting service or medical YouTube channels 38% (n 
= 19), and nonphysicians 6% (n = 3).
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Long thoracic nerve (LTN) neuropathy occasionally oc-

curs in young people involved in various sports [1]. The 

LTN arises from the cervical roots (C5–C7) and innervates 

the serratus anterior (SA) muscle [2]. Scapular winging is 

the landmark manifestation of LTN neuropathy and may 

develop after an accidental injury [3]. However, LTN neu-

ropathy can also occur without scapular winging and spe-

cific magnetic resonance imaging (MRI) findings [4]. Here-

in, we report a case of an 18-year-old male with LTN neu-

ropathy successfully treated with an SA plane block and ul-

trasound (US)-guided hydrodissection. 
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Background: Long thoracic nerve (LTN) neuropathy occasionally occurs in young people 
who engage in various sports. It may have a traumatic or non-traumatic etiology. The land-
mark manifestation of LTN neuropathy is scapular winging; however, it can also occur with-
out scapular winging and specific magnetic resonance imaging findings. 

Case: An 18-year-old male complained of right-sided lateral chest pain for 7 months. He 
was treated with medication, trigger point injection, and physical therapy but showed no im-
provement. Electromyelogram findings suggested LTN neuropathy in the right lateral chest. 
We performed a serratus anterior (SA) plane block with ultrasound (US)-guided hydrodissec-
tion and achieved pain relief. 

Conclusions: We report the successful treatment of LTN neuropathy with an SA plane block 
and US-guided hydrodissection. 

Keywords: Chest pain; Muscles; Nerve block; Nerve compression syndromes; Peripheral 
nerves; Ultrasonography.

CASE REPORT 

Written informed consent for the procedure and publica-

tion of this report was obtained from the patient. An 18-year-

old male with a height of 173 cm and weight of 50 kg was ad-

mitted to our hospital for the management of right-sided lat-

eral chest pain. A more detailed history revealed that the 

pain originated 7 months prior when the patient performed 

repetitive push-ups. The patient was treated with analgesic 

medication, trigger point injection, and physical therapy for 

approximately 4 weeks in the rehabilitation department but 

was referred to our pain clinic because his symptoms did 
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not improve. Blood test results (complete blood cell count, 

erythrocyte sedimentation rate, and C-reactive protein), 

chest radiography, and electrocardiogram (ECG) findings 

were normal. MRI of the right shoulder revealed no abnor-

mality. The patient complained of pain in the distal part of 

the right shoulder and the right lateral side of the chest. Ad-

ditionally, the patient complained of weakness in the right 

upper arm. On physical examination, there was a tender 

point in the pectoralis muscle area at the fifth rib and 

mid-axillary line. The symptom was provoked when the pa-

tient tilted his head away from his right arm and raised his 

right arm overhead. Furthermore, right-sided shoulder flex-

ion (90˚) and abduction (120˚) were reduced compared to 

left-sided shoulder flexion (160˚) and abduction (180˚). Oth-

er ranges of shoulder motion and motor function testing 

were normal, and a winged scapula was not observed on the 

right side. The patient’s pain score on a visual analog scale 

(VAS; 0: no pain, 10: maximal pain) was 6. We performed a 

trigger point injection on the tender point in the right chest. 

However, the patient showed improvement in symptoms 

only 2 days after the injection. We then performed electro-

myelography (EMG). The EMG findings suggested LTN neu-

ropathy in the right upper chest, which supported the find-

ings of the physical examination. We suspected an injury of 

the LTN. 

Since the LTN usually innervates a single muscle, the SA, 

we planned an SA plane block with US-guided hydrodissec-

tion. We explained the procedure and its benefits to the pa-

tient. After positioning the patient in the lateral decubitus 

position and ensuring a sterile operative field, we placed the 

linear probe (10–12 Hz) on the sagittal plane view for US 

scanning. Under real-time US guidance, we performed an 

SA plane block with hydrodissection. We selected the tender 

point above the fifth rib at the mid-axillary line as the needle 

insertion site. The needle was introduced in-plane from su-

pero-anterior to postero-inferior. The needle tip was placed 

above the SA muscle. After identifying the fifth rib on the 

mid-axillary line, we were able to locate the SA, latissimus 

dorsi, and intercostal muscles on sagittal plane views. We 

placed a 25-G, 50-mm needle in the plane between the SA 

and latissimus muscle (Fig. 1). We injected 20 ml of bupiva-

caine 0.125% with triamcinolone 20 mg above the SA mus-

cle, following a 1 ml test dose. The patient tolerated the pro-

cedure well with virtually no discomfort. We closely ob-

served the patient’s peripheral oxygen saturation, ECG, and 

blood pressure for 30 min following the block. After 30 min, 

his VAS score decreased to 3. We repeated the SA plane 

block after 7 days, and his VAS score decreased to 2. The pa-

tient was reviewed after 1 week and 1, 2, and 3 months later. 

The patient had almost complete pain relief, with VAS pain 

scores of 0 or 1 during this period. In addition, the full range 

of shoulder motion returned without any functional limita-

tions. 

DISCUSSION 

The LTN mainly arises from the C5–C7 nerve roots and 

sometimes from the C4 and C8 nerve roots [2,5]. The first 

two nerve roots, C5 and C6, form a superior trunk on the 

middle scalene muscle and join C7 to form the inferior 

trunk, which travels dorsally to the brachial plexus and the 

anterolateral portion of the chest wall. The LTN gradually 

travels toward the mid-axillary line beside the lateral thorac-

ic artery [6]. Furthermore, the LTN divides into several 

branches to innervate the SA muscle, which makes clear vi-

sualization of the distal LTN more challenging. The LTN 

travels from the neck to the truncal region and is susceptible 

to direct trauma because of its long course and superficial 

location. LTN entrapment can occur between the middle 

and posterior scalene muscles, the first rib, the clavicle and 

the second rib, the second rib and the coracoid (under the 

pectoralis minor muscle), the inferior angle of the scapula, 

or an inflamed bursa along the course of LTN [6]. In this 

case, the tender point exited the pectoralis muscle at the 

Fig. 1. Ultrasound image obtained during a serratus plane block 
and hydrodissection. The arrowheads indicate the direction of 
the needle. The needle is directed from the fourth rib to the fifth 
rib. The tip of the needle is above the serratus anterior muscle. 
Ld: latissimus dorsi muscle, SA: serratus anterior muscle, IC: 
intercostal muscle.
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fourth or fifth rib and mid-axillary line in the travel path of 

the nerve. Therefore, we selected the tender point as the in-

jection site. 

The LTN innervates the SA muscle, which originates from 

the first to ninth rib and inserts onto the superior angle, ver-

tebral border, and inferior angle of the scapula [2]. The SA 

muscle plays an important role in shoulder function. It sta-

bilizes the shoulder during arm elevation by fixing the scap-

ula and allowing for scapular upward rotation [4]. In this 

case, the patient demonstrated limitations in flexion (90˚) 

and abduction (120˚) of the right shoulder. After the SA 

plane block with hydrodissection, his right shoulder’s flex-

ion and abduction were restored to normal ranges, and his 

pain reduced.  

There are several causes of LTN palsy, which can be trau-

matic or non-traumatic; the most common injury to the LTN 

is either trauma or sports-related [6]. Most traumatic injuries 

are caused by blunt trauma, such as sudden compression or 

twisting of the shoulder, which is usually due to nerve trac-

tion. Athletic postures such as the athlete’s head rotating 

away from the arm, raising the arm, throwing a ball, and 

spiking or serving a volleyball may cause injury [6,7]. 

Non-traumatic injuries include viral illness (such as polio-

myelitis), allergic drug reaction, drug overdose, toxic expo-

sure, muscular dystrophy, facioscapulohumeral muscular 

dystrophy, C7 radiculopathy, and aortic coarctation [1,6]. 

Considering the above-mentioned causes, accurate histo-

ry-taking is the key to a correct diagnosis. In this case, the 

cause of LTN palsy may be sports-related blunt trauma 

caused by frequent push-ups. LTN palsy is thought to be 

caused by nerve traction between the fixed points of the sca-

lene muscle and the lower part of the SA muscle. 

Patients with LTN injury usually complain of pain or dis-

comfort in the affected shoulder, neck, and scapular area. 

Symptoms are usually exacerbated by activity, such as tilting 

the head away from the affected arm and elevating the af-

fected arm. Affected individuals experience shoulder weak-

ness and decreased performance in sports activities [6]. In 

the early stages, only mild pain may occur during activity; 

however, if the patient complains of severe pain, further 

evaluation should be performed to rule out diseases such as 

neuritis [4,6]. The pain usually subsides within several 

months, with a typical sign left. The typical sign of SA muscle 

paralysis is a winged scapula, which can be witnessed by 

others when the patient is sitting on a chair. The affected 

scapula is lifted superiorly and toward the spine at rest. 

When patients flex both arms to a level parallel to their 

shoulders or use both arms to push a wall, the scapular 

winging becomes more remarkable [4,6]. Indeed, scapular 

winging is the landmark manifestation of LTN neuropathy 

[3]. However, a winged scapula does not always appear in 

LTN palsy, as in this case. Accurate diagnosis of LTN palsy is 

based on physical examination, including neurological test-

ing, and a fundamental understanding of the anatomy. EMG 

is the gold standard for the diagnosis of LTN palsy. However, 

EMG findings do not predict the functional outcome of LTN 

neuropathy [8]. Even in severe injuries, clinical function may 

be restored. Traumatic LTN neuropathy is associated with a 

poor prognosis compared to idiopathic neuropathy [8]. 

SA muscle denervation may be seen on MRI, but owing to 

the small size of the LTN, abnormalities are often missed; 

however, an abnormal LTN may occasionally be identified 

on high-resolution MRI [9,10]. In this case, we did not find 

any abnormalities of the LTN on MRI, whereas EMG helped 

diagnose LTN palsy. 

The differential diagnosis of LTN injury includes cervical 

disc disease, brachial plexitis, rotator cuff tendinitis or tear, 

adhesive capsulitis, degenerative arthritis of the glenohu-

meral joint, degenerative arthritis of the acromioclavicular 

joint, glenohumeral instability, and thoracic outlet syn-

drome [6]. We ruled out other causes using plain radio-

graphs of the cervical spine and shoulder, EMG findings, 

and physical examination. The neurologic causes of scapu-

lar winging are LTN injury, spinal accessory nerve injury, 

and dorsal scapular nerve injury [4,6]. Because of its subcu-

taneous location, the spinal accessory nerve is quite suscep-

tible to injury. Spinal accessory nerve injury may result in at-

rophy or paralysis of the trapezius muscle, producing scapu-

lar winging clinically [6]. The trapezius muscle is a large 

muscle that allows for shrugging of the shoulders as well as 

scapular retraction, stabilization, and rotation. Thus, injury 

to the spinal accessory nerve can result in scapular winging 

with the arms in abduction rather than forward elevation. 

Patients with spinal accessory nerve injury typically have an 

asymmetric neckline because of the atrophic trapezius and 

drooping of the shoulder girdle. However, we did not ob-

serve the appearance described above in this case. Dorsal 

scapular nerve injury is characterized by pain along the me-

dial border of the scapula that radiates to the lateral surface 

of the upper extremities and causes weakness of the rhom-

boid and/or levator scapulae muscles [11]. Patients with 

dorsal scapular nerve injury usually complain of ill-defined 

shoulder pain and dysfunction, with different degrees of 

functional impairment. The dorsal scapular nerve mainly 
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originates from the fifth cervical nerve root and can become 

entrapped in the scalenus medius muscle, resulting in 

rhomboid paralysis. Symptoms of dorsal scapular nerve in-

jury can be resolved by decompressing the dorsal scapular 

nerve by transecting the scalene muscles. In this case, the 

tender point was not found in the driving part of the spinal 

accessory nerve and dorsal scapular nerve. We also found 

no trapezius palsy or rhomboid palsy. Further, no abnormal-

ities were found on EMG examination of the spinal accesso-

ry nerve and dorsal scapular nerve. 

LTN palsy usually recovers within 24 months of conserva-

tive treatment, such as rest, non-steroidal anti-inflammato-

ry drugs, and physical therapy, including an exercise pro-

gram [4,6,7]. However, young patients often require active 

treatment for rapid improvement. Therefore, an SA plane 

block with US-guided hydrodissection, combined with con-

servative treatment, can help patients return to daily activi-

ties more quickly and improve symptoms. The patient in 

this case presented with moderate pain and limitation of 

shoulder flexion and abduction, but no scapular winging. 

This may be the reason that the patient experienced imme-

diate pain relief and recovered within a relatively short time. 

In patients with more severe symptoms, such as scapular 

winging or severe limitation of shoulder motion, the effect 

of SA plane block with US-guided hydrodissection may be 

insufficient. In this case, we believe that trauma resulting 

from overuse and strenuous exercise of the shoulder pro-

duced LTN neuropathy. Mondelli et al. [12] reported that 

only non-traumatic causes were associated with a full or 

good recovery. However, we achieved good results using 

the SA plane block with US-guided hydrodissection and be-

lieve that this could be a good therapeutic option for LTN 

neuropathy. 

In the management of LTN palsy, it is important to advise 

patients to avoid activities involving the affected extremity 

[4,6]. In the acute stage, pain reduction is the major goal, 

and it is important to modify activities so as not to exacer-

bate the injury. In the intermediate stage, the pain often 

subsides as the nerve begins to heal. In the late stage, the SA 

muscle becomes stronger and shoulder movements im-

prove. Avoiding overstretching the shoulder and gradually 

increasing activities will help recovery [4,6]. If the symptoms 

persist, corrective surgery may be needed [4,6,7]. 

US-guided hydrodissection of the peripheral nerve is an 

effective and safe technique [13–15]. Hydrodissection of a 

nerve improves its kinematic properties and relieves entrap-

ment. During entrapment, the morphology of the nerve 

changes, resulting in an alteration/interruption of the flow of 

axoplasm with eventual fibrosis, increased caliber of the 

nerve proximal to the site of entrapment, and flattening at 

the site of entrapment [13,14]. In US-guided hydrodissec-

tion, a fluid is injected to separate the nerve from the sur-

rounding structures, which is believed to constrict or irritate 

the nerve either during movement or at rest. Real-time US is 

usually the preferred imaging technique in nerve hydrodis-

section to guide needles and fluid injection. Traditionally, 

the fluid used for hydrodissection is a large volume of 0.9% 

normal saline or 5% dextrose [15]. Additionally, a small vol-

ume of steroid and local anesthetic solution is injected to re-

duce pain. 

In conclusion, we report the successful treatment of LTN 

neuropathy with an SA plane block and US-guided hydro-

dissection. 
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SPSMyelopathy is an injury to the spinal cord due to severe 

compression. Degenerative spinal conditions, like spinal 

stenosis, spine osteophyte, and disc extrusion, are common 

causes of myelopathy. Trauma, inflammation, autoimmune 

disorders, infection, and extradural mass due to metastatic 

disease are some of the other known causes [1]. A spinal in-

tramedullary cavernous angioma (cavernoma, cavernous 

malformation) is a rare type of spinal cord tumor that causes 

a mass effect, acutely progressive myelopathy, hemorrhage, 

and significant morbidity [2]. We present a case of a patient 

who presented to our pain clinic with a common symptom 

of lower limb pain that quickly progressed to myelopathy 

following administration of the patient’s second mRNA 
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Background: Spinal intramedullary cavernous angioma is a rare form of spinal cord tumor 
that is associated with myelopathy and significant morbidity and surgical treatment is al-
most always required. 

Case: We report a case of spinal intramedullary cavernous angioma in a pain clinic with ini-
tial symptoms of unilateral interdigital space sensory change. Morton’s neuroma and piri-
formis syndrome were clinically suspected, however, symptoms acutely aggravated, and 
paraplegia developed following the patient’s COVID-19 vaccination. Vaccine-associated side 
effects were ruled out and spinal intramedullary cavernous angioma was confirmed through 
magnetic resonance image. The patient underwent surgery for complete mass excision. 

Conclusions: Recent reports of COVID-19 vaccine-associated side effects have raised sensi-
tive concerns to both health care providers and the public, that in some cases when the 
symptoms coincide with vaccination history, it may delay time-sensitive diagnosis and treat-
ment and spend unnecessary costs. 

Keywords: Cavernous angioma; COVID-19; Hemangioma, cavernous; Myelopathy; Spinal 
cord tumor.

SARS-CoV-2 (COVID-19) vaccine. 

CASE REPORT 

Institutional Review Board waived the requirement of 

written consent for the publication of this case (no. BPIRB 

2021-11-043). 

The patient is a 61-year-old Asian male, with a height of 175 

cm and weight of 62 kg, who enjoys walking and is active 

enough to go hiking almost every day. He was diagnosed with 

pre-hypertension as his only underlying disease which has 

been well managed through diet modification and lifestyle 

changes. A cerebral aneurysm of 2 mm was discovered in a 



brain magnetic resonance imaging (MRI) with magnetic reso-

nance angiography (MRA) taken for routine medical exam-

ination 4 years ago. Since then, a follow-up brain MRA was 

taken each year and confirmed no changes in aneurysm size. 

Pfizer vaccinated the patient for his first mRNA COVID-19 

on August 9, 2021, and the next day, he went to a first pain 

clinic visit due to a sudden onset of paresthesia in the right 

foot’s 3rd–4th interdigital space. His initial symptoms were a 

type of paresthesia, rather than pain. As a result, ultrasonog-

raphy (USG) was performed with the suspicion of an inter-

digital neuroma (Morton’s neuroma), especially since the 

patient was a heavy walker and the range of sensory abnor-

malities was limited to his 3rd–4th interdigital spaces. Except 

for mild edema around the 3rd–4th interdigital space, no 

other abnormal findings were present in the USG. It was as-

sumed to be Morton’s neuroma due to the typical range of 

sensory abnormalities, and treatment included educating 

the patient on the importance of wearing low-pressure 

shoes, transcutaneous electrical nerve stimulation (TENS), 

tramadol 25 mg per os (PO) twice daily, and aceclofenac 100 

mg PO twice daily. 

The patient did not show any improvement of symptoms 

after one week of treatment, and by the second week, a new 

pain in his right hip and numbness in the back of his thigh 

appeared. The pain clinic’s anesthesiologist requested a 

lumbar spine MRI, but no specific findings were found other 

than mild disc bulging. A thorough physical examination 

was performed, and the flexion adduction internal rotation 

test resulted in a positive result. Under suspicion of piriform-

is syndrome, the patient continued to take the same medica-

tion and was prescribed physical therapy such as TENS and 

hot packs, as well as instruction on proper stretching (Fig. 1). 

Despite ongoing physical therapy, medication, and stretch-

ing, the patient’s symptoms did not improve. 

The patient went to the emergency room three days after 

his second mRNA COVID-19 vaccination. 

He had fallen asleep and experienced a sudden loss of 

sensation, paralysis, and electricity-like pain in his entire 

right leg. The sensory level of the right foot was less than 60% 

at the time of admission to the emergency room, and allody-

nia was noted. Motor power was nearly normal, the deep 

tendon reflex was intact, and pathological reflexes such as 

the Babinski and Hoffman reflexes were not seen. The emer-

gency medicine doctor who examined the patient believed 

that the symptoms began abruptly after the second mRNA 

vaccination, that no specific findings were found on the pre-

vious lumbar spine MRI, and that the symptoms were limit-

ed to the right lower extremity. The emergency medicine 

doctor ordered for low extremity computed tomography 

(CT)-angiogram, blood fibrinogen degradation production 

(FDP), and D-dimer laboratory tests to rule out vaccine-re-

lated artery thromboembolism. CT-angiogram was normal, 

and occlusion in the lower extremity blood vessels was not 

found. The FDP level was less than 2.5, and the D-dimer lev-

el was 0.42, which were all within normal range (Fig. 2). 

Based on these normal results, the emergency medicine 

doctor concluded that a high possibility exists of peripheral 

nerve disease that invades the lower extremity nerves and 

recommended a neurology outpatient department check-up 

for further evaluation. 

The patient’s symptoms worsened while waiting for the 

neurology outpatient appointment date, and three days after 

returning home from the emergency room, he complained 

of tingling sensations all over his skin below the navel, sig-

nificant weakness in his lower extremities, and difficulty 

passing stool and urine. On physical examination, dorsiflex-

ion and plantarflexion were grade 4, and in the lower ex-

tremity, muscle strength and sensations were dull below the 

T10 dermatome, the deep tendon reflex was normal, and 

pathological reflexes such as Babinski reflex and Hoffman 

reflex were not observed. The neurologist suspected acute 

transverse myelitis, a common side effect of the vaccine, and 

Fig. 1. Lumbar T2 weighted image. Taken when pain in his right 
hip and numbness in the back of his thigh appeared. There are no 
specific findings except degenerative changes.
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ordered a whole-spine MRI with gadolinium contrast, an 

electromyography (EMG), and a cerebrospinal fluid (CSF) 

study. Steroid pulse therapy (intravenous methylpredniso-

lone 1 g per day) was started while the patient was in the 

hospital However, after 2 days of steroid pulse therapy, the 

patient’s symptoms worsened rather than improved. 

An EMG test performed 2 days later revealed no abnor-

malities except a decrease in the sensory nerve action po-

tential of the right plantar nerve. Futhermore, neither leuko-

cytes nor erythrocytes were found in the CSF study, making 

it difficult to believe that there were signs of inflammation. 

The protein level was also normal as well, indicating con-

cluding that this was not a demyelination disease. The 

whole-spine MRI with gadolinium contrast revealed find-

ings of a tumor that indicated intramedullary cavernous an-

gioma in the T10 level spinal cord, and hemosiderin deposi-

tion was observed around it, indicating signs of previous 

bleeding. After the MRI image readings were completed, the 

patient was immediately transferred to another hospital for 

surgical treatment (Fig. 3). 

Surgery involved laminectomy followed by myelotomy, 

and complete mass excision was performed. Spinal intra-

medullary cavernous angioma was confirmed through gross 

and pathological findings during the operation. Two weeks 

after the operation, the patient still presented with numb-

ness below the T10 dermatome and pain in the right lower 

extremity, decreased muscle strength in the right lower ex-

tremity of motor grade 4 for both dorsiflexion and plantar-

flexion, and remained stool and urine discomfort. A month 

after surgery, numbness remained in the dermatome below 

L2 of right lower extremities, but defecation and urination 

Fig. 2. Lower extremity computed tomography angiogram. Taken at 
emergency room visit with sudden loss of sensation and paralysis 
in the entire right leg and electricity-like pain. There are no findings 
suggestive of arterial occlusion, such as thromboembolism.

Fig. 3. Thoracic T2 weighted image. At the T10 level, intramedullary 
carvernous angioma was observed. Since hemosiderin deposition is 
observed in two layers, it is estimated that there will be at least two 
bleeding.
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function had been restored. Additionally, lower extremity 

muscle strength was restored to 4+, allowing for cane walk-

ing. After that, the patient was then transferred to a rehabili-

tation facility, and further follow-up was impossible. 

DISCUSSION 

Cavernous angiomas, also known as cavernomas, are ab-

normal clusters of small sinusoidal type capillaries and ve-

nules that cause a lesion in the central nervous system. Cav-

ernous angioma is most common in the supratentorial cere-

bral compartment, with prevalence known to be 0.13%. Spi-

nal cavernous angioma is a very rare disease with a preva-

lence of 0.04–0.05%. Furthermore, most spinal cavernous 

angioma occurs in the extramedullary region and only rarely 

in the intramedullary region. The surgical approach for the 

latter is difficult, and the prognosis is poor [2]. 

The exact etiology of spinal cavernous angioma has not 

been elucidated, and incidental detection is rare. Most of the 

time, the disease progressed far enough that it is discovered 

much later as a result of symptoms caused by gradually in-

creasing size or neurologic deficits such as pain, radiculopa-

thy, progressive paraparesis, acute paraplegia, and myopa-

thy caused by bleeding and compression. Additionally, if a 

sudden onset of symptoms occurs, it is often accompanied 

by hemorrhage, and in this case, early surgical treatment is 

considered first. Cavernous angioma that is accompanied by 

sudden onset or rapidly progressive within 1 year exhibits a 

poor neurological prognosis and can lead to death in severe 

cases. Therefore, in the case of rapid symptom onset and 

progression, active surgical treatment is essential as soon as 

possible [3]. 

Finsterer and Redzic [4] reported a brainstem cavernous 

hemangioma hemorrhage that occurred 2 days after the sec-

ond dose of the mRNA COVID-19 vaccine, the pre-existing 

vascular malformation might have caused bleeding due to 

thrombocytopenia or platelet dysfunction after vaccination. 

Also, Gessler et al. [5] reported 3 cases of intracerebral hem-

orrhage with thrombocytopenia after vaccination with Ox-

ford/AstraZeneca and Janssen vaccines. In this case, when 

the patient visited the emergency room after the second 

vaccination, no thrombocytopenia was found in the com-

plete blood count (platelet count was 240,000 µl [normal 

range: 140,000–440,000 µl]). However, by the case report by 

Radwi and Farsi [6], a systemic subcutaneous hemorrhage 

was found due to acquired hemophilia that occurred after 

the COVID-19 vaccination. As a result, we cannot rule out 

the possibility that the clotting disorder developed and 

caused hemorrhage for other reasons not affected by the 

platelet count. 

A typical MRI finding of cavernous angioma is hemosider-

in deposition by hemorrhage, showing hypointense signals 

around the lesion [2]. When signals of varying intensities ap-

pear in two layers, as in this patient’s MRI, it indicates that at 

least two hemorrhages occurred (Fig. 4). Although the exact 

bleeding time cannot be estimated based on the information 

obtained, the bleeding time may be when symptoms worsen 

rapidly after two doses of the COVID-19 vaccination. 

Morton’s neuroma is a type of degenerative neuropathy of 

the interdigital nerve. It is common among middle-aged fe-

male, with a lifetime prevalence of 50.2% for men and 87.2% 

for female [7]. Piriformis syndrome is myofascial referred 

pain of the piriformis muscle, a pyramid-shaped muscle at-

tached to the upper part of the greater trochanter in the an-

terior capsule, caused by compression of nerve blood vessels 

in the great sciatic foramen due to piriformis muscle con-

traction or thickening. It can cause pain and discomfort 

during defecation [8]. The patient in this case also showed 

clinical features of Morton’s neuroma or piriformis syn-

drome, which are mainly seen in pain clinics, manifesting 

symptoms such as paresthesia between the toes, pain, and 

paresthesia in the buttocks, and discomfort during defeca-

tion. However, no lesions were discovered during radiologi-

cal examination and physical examinations that are routine-

ly performed at the pain clinic. Furthermore, physical and 

drug treatment following the presumptive diagnosis was in-

effective, and the symptoms worsened rapidly. Given this, 

Fig. 4. Two layers of hemosiderin deposition. Hyperintense lesions 
with different intensities are shown as two layers, with a black 
dotted line A and a white dotted line B.
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even if the symptoms are thought to be of lumbar or sacral 

nerve origin, considering the possibility of lesions at a higher 

thoracic or cervical level is important. As a result, compre-

hensive imaging tests, such as whole-spine MRI, should be 

considered. 

COVID-19 is currently the cause of a widespread pandem-

ic around the world. To prevent transmission between peo-

ple, new vaccines are being developed at a rapid pace by 

leading pharmaceutical companies, and vaccination is ac-

tively implemented at the national health care level. Howev-

er, many questions remain about the drug’s effectiveness 

and safety, since it was commercialized in a short period 

without going through a general clinical trial for a new drug 

that uses mRNA as a vector for vaccination [9]. A Saudi Ara-

bia study reported that after inoculation with Pfizer’s mRNA 

COVID-19 vaccine, 3.1% of patients presented with lower 

limb weakness, and 0.3% of patients presented with a loss of 

lower limb sensation [10]. Other side effects include diseases 

such as thromboembolism or acute transverse myelitis fol-

lowing mRNA COVID-19 vaccination [11,12]. However, it is 

too early to conclude that these side effects are related to the 

COVID-19 vaccine, and no reliable studies exist indicating 

that these potential vaccination side effects are more dan-

gerous than the disease itself. In this case, the patient was 

suspected of thromboembolism in the emergency room due 

to his vaccination history, and a low extremity CT angiogram 

was taken to rule out vascular occlusion. If the neurologist 

suspected acute transverse myelitis, he administered steroid 

pulse therapy. Continuous monitoring of vaccine side effects 

and appropriate treatment are required. However, concerns 

about vaccine side effects have been raised by both health 

care providers and the general public. In some cases, when 

the symptoms coincide with vaccination history, it may de-

lay time-sensitive diagnosis and proper treatment, further-

more, made unnecessary medical expenses. To summarize, 

paying attention to vaccine side effects is critical, but it 

should also be noted that even patients who have a history 

of COVID-19 vaccination may develop other diseases. 
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Background: Thoracic paravertebral block (PVB) is an effective regional block for pain con-
trol after breast surgery. However, accidentally puncturing adjacent vital structures may 
cause undesirable complications. Erector spinae plane block (ESPB) has been considered a 
safer proxy of PVB for beginners. This study aimed to evaluate the analgesic effects of ultra-
sound-guidance PVB and ESPB after breast surgery. 

Methods: This randomized control trial was conducted in patients who underwent mastec-
tomy. Forty-four females were randomly allocated into PVB group or ESPB group. All patients 
received a block with 20 ml of 0.5% levobupivacaine before general anesthesia. The primary 
outcome was the 24-h postoperative morphine requirements. The other outcomes of inter-
est were postoperative pain scores, time to first analgesic request, dermatome of sensory 
blockade, block-related complications, and opioid adverse events. 

Results: The 24-h morphine requirements were significantly lower in PVB compared to the 
ESPB group (3.5 ± 3.3 vs. 8.6 ± 3.8 mg, P < 0.001). The overall pain scores were also lower 
in the PVB group (P < 0.001). Only 14 patients in the PVB group requested additional mor-
phine, whereas all patients in the ESPB group requested it (P = 0.004). The dermatome of 
sensory blockade was wider in the PVB group (7 vs. 4 levels, P = 0.019). No serious compli-
cations occurred in either group. 

Conclusions: Compared to ESPB, PVB provided lower postoperative opioid requirements, 
lower pain scores, and wider sensory blockade after mastectomy. 

Keywords: Analgesia; Breast surgery; Erector spinae plane block; Mastectomy; Paraverte-
bral block.  

INTRODUCTION 

Breast surgery is one of the primary treatment options for 

breast cancer, the most common malignancy in female, ac-

counting for 25% of all cancers in women [1]. However, acute 

pain after breast surgery can cause undesirable short-term 

outcomes, such as prolonged hospital stay, delayed ambula-

tion, and patient unpleasantness. Furthermore, inadequate 

postsurgical pain management also contributes to obstinate 

chronic pain [2,3]. Regional anesthesia (RA) is an essential 

This is an Open Access article distributed under the terms of the Creative Commons Attribution Non-Commercial License (http://creativecommons.org/licenses/by-nc/4.0) which permits 
unrestricted non-commercial use, distribution, and reproduction in any medium, provided the original work is properly cited.
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aspect of multimodal analgesia, an effective method for 

treating acute pain and preventing chronic pain [4]. The tho-

racic paravertebral block (PVB), a block that has been in 

used for quite some time, has been found to be as effective 

as the thoracic epidural block, which is the gold standard for 

breast surgery. However, as the target of PVB was close to 

the pleura, it presents a technical challenge and requires ex-

pertise from the performer [5,6]. In contrast, erector spinae 

plane block (ESPB), a recent, simplified, superficial, and rel-

atively safer RA technique, has also been demonstrated to 

be effective in controlling pain following breast surgery 

when performed at the fourth or fifth thoracic (T4–5) spinal 

level [7,8]. However, to our best knowledge, comparison 

studies between these two regional block techniques in 

breast surgery is still limited, and the results remain incon-

clusive [9–12]. Therefore, we aimed to compare the analge-

sic efficacy of ESPB to PVB for mastectomy using postopera-

tive morphine requirements of 24 h as our primary outcome. 

MATERIALS AND METHODS 

This controlled, randomized, double-blinded study was 

conducted in a university hospital. It was approved by the 

Institutional Ethics committee (no. HE62148) and had been 

registered before enrollment started (TCTR20200105003). 

After obtaining written informed consent from all partici-

pants, we enrolled patients who underwent unilateral mas-

tectomy from January to August 2020. Patients aged 18–75 

years with the American Society of Anesthesiologist physical 

status I–III were included. Patients with the following condi-

tions were excluded: (1) pregnancy or lactation; (2) coagula-

tion disorders; (3) skin lesion at the block site; (4) allergy to 

study drugs; (5) inability to cooperate; and (6) body mass in-

dex (BMI) greater than 35 kg/m2. Patients were randomly al-

located (allocation ratio 1:1) into two groups: PVB group and 

ESPB group using computer-generated random numbers 

(http://www.randomizer.org/). The random numbers were 

kept in concealed-opaque envelopes. 

The self-reported pain assessment using the numeric rat-

ing scale (NRS), ranging from 0 =  no pain to 10 =  maximum 

pain, was instructed on the day before surgery. On the day of 

surgery, patients received oral acetaminophen 1,000 mg as 

pre-emptive analgesia 2 h before the operation. The random 

sequence numbers contained in the envelope were revealed 

in the procedural area by an anesthesiologist who was not 

involved in data collection. Each patient received a block on 

their back under sedation, and the data recorder was not 

present at the block area. Thus, they were blinded to the 

group allocated. 

In the procedural area, the patient was connected to stan-

dard monitoring equipment (electrocardiogram, non-inva-

sive blood pressure, and pulse oximetry), then placed in the 

lateral position with the affected side up, followed by intra-

venous (IV) fentanyl 50 µg and IV midazolam 1–2 mg for se-

dation. An experienced anesthesiologist performed all the 

blocks under ultrasound (US) guidance (SONIMAGE HS1, 

Konica Minolta, Japan) using a high-frequency (15–6 MHz) 

linear transducer. For all patients, 20 ml of 0.5% levobupiva-

caine and a 22 G-80 mm nerve block needle were used. 

The PVB was performed using the intercostal approach 

[13]. After aseptic preparation of skin and covering the trans-

ducer with the sterile sleeve, the transducer was initially 

placed on the patient's back in the parasagittal plane over 

the 1st rib, then moved caudally until it reached the 4th rib. 

At this point, the transducer was turned clock-wisely while 

keeping the medial edge in contact with the transverse pro-

cess (TP) until the horizontal view of the rib was visualized 

as a hyperechoic line with the posterior acoustic shadow. 

The transducer was then moved further caudally into the 

space between the adjacent ribs. Once the rib shadow disap-

peared, the paravertebral space (PVS) was visualized as a 

wedge-shaped space. A block needle was advanced with an 

in-plane approach from the lateral to medial direction until 

its tip pierced the internal intercostal membrane and 

reached the PVS (Fig. 1A). A small volume of normal saline 

solution (NSS) was injected to confirm the PVS by observing 

the anterior displacement of the pleura. After negative aspi-

ration of blood, the local anesthetic drug (LA) was then in-

crementally injected. 

Regarding the ESPB, the 4th rib was first identified with 

the same prior steps. Then the transducer was moved medi-

ally to identify the tip of the TP and the three back muscles 

(trapezius, rhomboid major, and erector spinae muscle; 

ESM). Then the needle was advanced with an in-plane ap-

proach from caudad to cephalad until its tip contacted the 

TP (Fig. 1B). Then, NSS was injected to confirm the target by 

observing the fluid spread under the ESM, followed by in-

crementally injecting the LA. After performing the block, pa-

tients were then turned to the supine position. Fifteen min-

utes later, a blinded observer used an alcohol-soaked cotton 

ball to assess the dermatome of the sensory blockade on the 

anterior chest wall. The absence of any sensory blockade at 

the time of assessment was defined as a failed block, and the 

patient would be withdrawn from the study. 
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All patients underwent the same institutionally standard-

ized operation and the same general anesthesia protocol. 

Anesthesia was induced with IV propofol 2–3 mg/kg and IV 

fentanyl 1.5–2 µg/kg. Tracheal intubation was facilitated 

with IV cisatracurium 0.1–0.2 mg/kg. For maintenance of 

anesthesia, patients received a mixture of air-oxygen (FiO2 

0.4) and sevoflurane to keep the bispectral index between 

40–60. In addition, intraoperative IV fentanyl could be ad-

ministered in increments of 25 µg at the discretion of the 

blinded anesthesia team to maintain the hemodynamic pa-

rameters within 20% of baseline. 

All patients received IV dexamethasone 8 mg and IV on-

dansetron 4 mg according to the institutional guidelines for 

postoperative nausea and vomiting (PONV) prophylaxis. At 

the end of the surgery, IV morphine (3 mg) was adminis-

tered, except for those who were over 70 years of age, in 

which case 2 mg would be given. In addition, when the op-

eration was finished, IV neostigmine 0.05 mg/kg and atro-

pine 0.02 mg/kg were given for reversal of neuromuscular 

blockade. Patients were extubated according to the institu-

tional protocol. 

Patients were transferred to the post-anesthetic care unit 

(PACU) and cared for by a nurse blinded to their group allo-

cation. According to our PACU protocol, patients received IV 

morphine 3 mg boluses whenever their NRS was greater 

than 3. The total morphine consumption in PACU was re-

corded. The same pain management protocol was applied 

in the ward, including oral acetaminophen of 1,000 mg every 

6 h and IV morphine 2 mg boluses on-demand or whenever 

their NRS was greater than 3 for rescue analgesia. 

The primary outcome was postoperative morphine re-

quirements in the first 24 h after surgery. Secondary out-

comes included morphine requirements in the first 48 h af-

ter surgery, the number of patients requiring rescue mor-

phine, the frequency of rescue morphine requirements, time 

to first morphine request, NRS both at rest and on move-

ment at PACU, and at 6, 12, 24, and 48 h postoperatively, 

dermatome of sensory blockade, and patient satisfaction 

(assessed by a 5-point scale from 0 =  very dissatisfied to 4 =  

very satisfied). Block-related complications and adverse 

events such as pneumothorax, local anaesthetic systemic 

toxicity, respiratory depression (respiratory rate <  8 times/

min), oversedation (Ramsay scale >  level 4), and moderate 

to severe PONV (nausea or vomit that requires treatment 

and beyond) were also recorded. 

Sample size was calculated using the program on the web-

site (https://clincalc.com/stats/samplesize.aspx). A pilot 

study (n =  10) conducted at our institution revealed that pa-

tients undergoing PVB for unilateral mastectomy reported a 

mean 24-h morphine consumption of 6.5 mg, with a stan-

dard deviation of 1.5 mg (unpublished data). The difference 

in morphine consumption of less than 20% (1.3 mg of mor-

phine consumption) in the ESPB group was accepted for as-

suming the same efficacy to PVB. Thus, a calculated sample 

size of 21 patients in each group was required for a statistical 

power of 80% and an alpha error of 0.05. We enrolled 44 pa-

tients to account for possible dropouts.  

Statistical analyses were performed using STATA version 

Fig. 1. Ultrasound images of PVB (A) and ESPB (B). PVB: thoracic paravertebral block, ESPB: erector spinae plane block, ESM: erector 
spinae muscle, IIM: internal intercostal membrane, PVS: paravertebral space (a wedge shape), TP: transverse process, white dash-line 
represented needle trajectory.
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10.1 (StataCorp LP, USA). Normality of data distribution was 

tested by the Shapiro–Wilk test. Continuous variables were 

reported as mean ±  SD or median (1Q, 3Q). Categorical 

variables were presented as absolute numbers and percent-

ages. Normally distributed continuous variables, including 

age, weight, and BMI were compared using independent 

Student’s t-test. The Mann–Whitney U test was used to anal-

yse the other continuous variables which were not normally 

distributed. The NRS which was measured repeatedly were 

analysed by generalized estimating equations model. Cate-

gorical variables including the American Society of Anesthe-

siologist physical status, frequency of requiring rescue mor-

phine, and PONV incidence were compared using Fisher’s 

exact test, whereas type of surgery, number of patients re-

quiring rescue morphine, and patient satisfaction were com-

pared using chi-square test. A two-tailed P value of <  0.05 

was considered statistically significant. 

RESULTS 

Fifty patients met the eligibility criteria, three refused to 

participate, and three others did not meet the inclusion cri-

teria. Thus, 44 patients were enrolled and randomly divided 

into two groups (22 for each). The blocks were all successful, 

and all the participants were followed up and assessed on an 

intention-to-treat basis (Fig. 2). The demographic and oper-

ative data were comparable between groups (Table 1). Mor-

phine requirements in 24 h were significantly lower in the 

PVB group (3.5 ±  3.3 mg vs. 8.6 ±  3.8 mg, P <  0.001), rescue 

morphine was required by all patients in the ESPB group, 

but only by 14 patients in the PVB group (P =  0.004). The 

frequency of requiring rescue morphine was significantly 

lower in the PVB group (P <  0.001), but the time to first mor-

phine request was not different between groups (P =  0.532) 

(Table 2). 

In terms of pain score, NRS at rest and on movement at 

PACU were significantly lower in the PVB group (P =  0.002 

and <  0.001, respectively). Moreover, the overall NRS was 

also lower in the PVB group (P <  0.001) (Table 3). Wide 

ranges of sensory blockade from T1–T10 occurred in both 

groups. However, the PVB group demonstrated a higher 

blockade percentage in all dermatomes; especially at the 

T3–T6 levels, in which over 80% blockade was observed 

(Fig. 3). The dermatome of sensory blockade was substan-

Fig. 2. CONSORT flow diagram for the study. CONSORT: Consolidated Standards for Reporting of Trials, PVB: thoracic paravertebral block, 
ESPB: erector spinae plane block.

Excluded (n = 6)
· Not meeting inclusion criteria (n = 3)
· Declined to participate (n = 3)

Allocation

Follow-Up

Analysis

Allocated to PVB group (n = 22)

Lost to follow-up (n = 0)

Analysed (n = 22) Analysed (n = 22)

Lost to follow-up (n = 0)

Allocated to ESPB group (n = 22)

Enrollment Assessed for eligibility (n = 50)

Randomized (n = 44)
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tially wider in the PVB than in the ESPB group, with 7 (5, 8) 

levels and 4 (1, 7) levels, respectively (P =  0.019). Moderate 

to severe PONV was found without statistical significance in 

three patients from the ESPB group. Severe complications 

did not occur in any group. Most of the patients rated as 

"very satisfied" followed by “satisfied” the pain relief meth-

od they had received (Table 4). 

DISCUSSION 

This randomized double-blind control trial (RCT) com-

pared the analgesic effects after mastectomy between PVB 

and ESPB. 

Regarding the PVB group in this study, patients required 

lower postoperative opioids, had lower postoperative pain 

score, and had wider dermatome of sensory blockade com-

pared to the ESPB group. Also, fewer patients in the PVB 

group required rescue morphine, and required it less fre-

quently, compared to the ESPB group. 

To date, trials that compared the analgesic efficacy be-

tween PVB and ESPB after breast surgery are sparse [9–12]. 

The first RCT conducted by El Ghamry and Amer [9] demon-

strated that single-shot PVB and ESPB at T5 level with 20 ml 

of 0.25% bupivacaine provided comparable 24 h in terms of 

total postoperative morphine consumption and pain score. 

These results corresponded to the two following studies. 

Gürkan et al. [10] compared single-shot PVB and ESPB 

against control (no block) for breast surgery. In that study, 

both the PVB and ESPB groups showed a similarly low dose 

of 24 h morphine consumption of 5.6 mg, which decreased 

by 62% compared to the control group, while there was no 

difference between the block groups. Furthermore, Mousta-

fa et al. [11] reported no significant differences between sin-

gle-shot PVB and single-shot ESPB after modified radical 

mastectomy surgery in terms of 24-h morphine consump-

tion (6.2 mg) and the time to the first analgesic requirement 

(approximately 11 h). 

These findings contrast with our study, which suggests 

Table 1. Demographic and Operative Data

Variable PVB (n =  22) ESPB (n =  22) P value
Female   22 (100) 22 (100) NA
Age (yr) 54.2 ±  9.8 56.1 ±  9.1 0.526

Weight (kg) 59.7 ±  8.9 61.1 ±  10.5 0.645

Body mass index (kg/m²) 24.5 ±  3.4 24.3 ±  3.8 0.878

ASA PS (I/II) 5 (22.7)/17 (77.3) 4 (18.2)/18 (81.8) <  0.999

Type of surgical procedure 0.361

 Simple mastectomy 11 (50.0) 14 (63.6)
 Modified radical mastectomy 11 (50.0) 8 (36.4)
Operative time (min) 181.6 ±  78.1 156.6 ±  56.0 0.228

Intraoperative blood loss (ml) 59.3 ±  60.1 72.5 ±  68.6 0.318

Values are presented as mean ± SD or number (%). PVB: thoracic paravertebral block, ESPB: erector spinae plane block, ASA PS: American 
Society of Anesthesiologists physical status, NA: not applicable. Independent Student’s t-test was used for statistical comparison of age, 
weight, and body mass index. Mann–Whitney U test was used for statistical comparison of operative time and intraoperative blood loss. 
Fisher’s exact test was used for statistical comparison of ASA PS and the chi-square test was used for statistical comparison of type of 
surgical procedure.

Table 2. Perioperative Opioid Consumption

Variable PVB (n =  22) ESPB (n =  22) MD (95% CI) P value
Intraoperative fentanyl consumption (μg) 158.0 ±  49.0 177.3 ±  51.7 –19.3 (–49.9 to 11.3) 0.212

Total morphine consumption in 24 h (mg) 3.5 ±  3.3 8.6 ±  3.8 –5.1 (–7.3 to –2.9) <  0.001*
Time to first analgesic request (min) 209.1 ±  61.1 197.4 ±  49.5 11.8 (–25.9 to 49.4) 0.532

Number of patients requiring rescue morphine 14 (63.6) 22 (100.0) NA 0.004*
Frequency of rescue morphine requirements (time) 1 (0, 2) 3 (2, 4) NA <  0.001*

Values are presented as mean ± SD, number (%), or median (1Q, 3Q). PVB: thoracic paravertebral block, ESPB: erector spinae plane 
block, MD: mean difference, CI: confidence interval, NA: not applicable. Mann–Whitney U test was used for statistical comparison of 
intraoperative fentanyl consumption, total morphine consumption in 24 h and time to first analgesic request. Chi-square test was used 
for statistical comparison of number of patients requiring rescue morphine and Fisher’s exact test was used for statistical comparison of 
frequency of rescue morphine requirements. *P < 0.05 was considered statistically significant.
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Fig. 3. Dermatome of sensory blockade following PVB and ESPB. PVB: thoracic paravertebral block, ESPB: erector spinae plane block, T: 
thoracic level.

Table 3. Postoperative Pain Score

Variable PVB (n=  22) ESPB (n =  22) MD (95% CI) P value
Pain score at rest

Overall pain score at rest 1.68 (0.74 to 2.63) <  0.001*,†

At PACU 2.73 ±  1.78 4.41 ±  1.44 1.68 (0.44 to 2.92) 0.002*,‡

At 6 h 1.32 ±  1.17 2.09 ±  1.72 0.77 (–0.35 to 1.90) 0.387‡

At 12 h 0.68 ±  0.95 1.23 ±  1.11 0.55 (–0.25 to 1.34) 0.379‡

At 24 h 0.50 ±  0.86 0.68 ±  0.95 0.18 (–0.51 to 0.88) >  0.999‡

At 48 h 0.41 ±  0.73 0.59 ±  0.91 0.18 (–0.45 to 0.82) >  0.999‡

Pain score on movement
Overall pain score on movement 2.50 (1.28 to 3.72) <  0.001*,†

At PACU 3.55 ±  2.22 6.05 ±  1.94 2.50 (0.90 to 4.10) <  0.001*,‡

At 6 h 2.91 ±  1.27 3.41 ±  1.18 0.50 (–0.44 to 1.44) 0.856‡

At 12 h 2.50 ±  1.10 2.64 ±  1.29 0.14 (–0.79 to 1.06) >  0.999‡

At 24 h 2.09 ±  1.23 2.09 ±  1.02 0.00 (–0.87 to 0.87) >  0.999‡

At 48 h 1.73 ±  1.24 1.86 ±  1.36 0.14 (–0.86 to 1.13) >  0.999‡

Values are presented as mean ± SD. PVB: thoracic paravertebral block, ESPB: erector spinae plane block, MD: mean difference, CI: 
confidence interval, PACU: post anesthesia care unit. *P < 0.05 was considered statistically significant. †Analysed by generalized estimating 
equations model. ‡Compared pain score between ESPB vs. PVB at PACU, 6, 12, 24, and 48 h.

that PVB had superior analgesia over ESPB. The reason for 

this could be that we observed a wider dermatome of senso-

ry blockade (7 vs. 4 levels) in the PVB group and a higher 

blockade percentage. In addition, intense blockade of over 

80% at the T3–T6 dermatomes has occurred only in the PVB 

group, which was necessary for breast surgery analgesia that 

did not involve the axillary region, such as simple mastecto-

my, which was the majority of the cases in our study [14]. 

The precise sensory blockade provided by PVB in this 

study also resulted in lower postoperative pain scores and 

morphine consumptions, as well as lower requirements and 

frequency of rescue morphine. According to Swisher et al. 

[12], PVB had better immediate analgesic effects than ESPB 

after non-mastectomy breast surgery in terms of pain score 
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and opioid consumption in the PACU. In addition, PVB also 

reduced the discharge time from PACU by 15% compared to 

ESPB (105 min vs. 124 min). 

PVB is an RA technique of injecting LA into the PVS, al-

lowing direct contact with the proximal spinal nerves and 

rami communicant of sympathetic fibers, resulting in a pre-

cise ipsilateral somatic and sympathetic blockade. A rela-

tively new technique, ESPB was first introduced as a regional 

block to treat thoracic neuropathic and acute pain [15]. This 

block may share the exact mechanism with PVB by allowing 

LA to spread to PVS through the costotransverse foramen 

[8,15]. However, two previous cadaveric studies did not sup-

port this hypothesis. In those studies, the dye mainly spread 

underneath the muscle plane in a longitudinal and especial-

ly lateral direction but with limited or no anterior spread to 

the PVS [16,17]. In addition, Ivanusic et al. [16] showed that 

the dye was most observed at or lateral to the angle of the 

ribs. Hence, they speculated that the mechanism of ESPB 

was from the blockade of the lateral cutaneous branches of 

the spinal nerves at the level in which they pierced the inter-

costal muscles and left the intercostal space. 

How LA spread in cadavers may not represent the proper 

LA spread in living humans because negative intrathoracic 

pressure during respiration, ESM contraction, and patient 

positioning can all enhance LA shift towards the PVS. Thus, 

examining the contrast dye with X-ray or magnetic reso-

nance imaging (MRI) is more appropriate for evaluating the 

spread in humans [18,19]. A recent MRI study by Schwartz-

mann et al. [18] showed the ESPB injectate spreading con-

sistently into the intercostal space and neural foramina. 

Thus, this appeared to be the mechanism of ESPB in their 

study. In addition, they found the extent of the longitudinal 

spread whereas the anterior chest walls blockade was highly 

variable. 

In addition, a recent volunteer study reported a wide-

spread area of decreased sensory sensation in the posterior 

thorax without any evidence of sensory blockade of the an-

terior and lateral chest walls following the ESPB with a 20 ml 

injection of 0.5% ropivacaine. As a result, only the dorsal 

rami of the spinal nerve were assumed to have been blocked 

[20]. Furthermore, a clinical study comparing the analgesic 

efficacy between ESPB and PVB by Aoyama et al. [6] found 

that although the two blocks were comparable with regards 

to opioid consumption and pain score, ESPB did not pro-

duce sensory blockade as consistently as PVB did. We found 

a very similar result. In our study, ESPB had a narrower and 

more variable dermatome of sensory blockade than PVB (4 

(1, 7) vs. 7 (5, 8) levels, respectively). Overall, from currently 

available evidence, ESPB seems to produce high variability 

in block intensity and the extent of analgesia, its LA spread 

was unpredictable, and its mechanism of action remains 

unclear [6,17,21]. 

In our study, a single-level injection of PVB at T4 was per-

formed, and with the same technique and volume of LA, we 

found a wide sensory blockade, similar to a previous study (6 

dermatomes, range, 5–6) [22]. This may be because using 

the US-guidance allowed precise needle tip placement and 

deposited the LA within the PVS. In addition to this, evi-

dence shows that an US-guidance single injection PVB pro-

vides an equivalent dermatomal coverage to the multiple in-

jection technique [23]. 

The incidence of moderate to severe PONV was higher in 

Table 4. Dermatome of Sensory Blockade, Adverse Events, Complications and Patient Satisfaction

Variable PVB (n =  22) ESPB (n =  22) P value
Dermatome of sensory blockade (levels) 7 (5, 8) 4 (1, 7) 0.019*
Adverse events and complications
 Moderate to severe PONV 0 3 (13.6) 0.351

 Oversedation 0 0 NA
 Respiratory depression 0 0 NA
 Local anaesthetic systemic toxicity 0 0 NA
 Pneumothorax 0 0 NA
Patient satisfaction 0.531

 Vary satisfied 15 (68.2) 13 (59.1)
 Satisfied 7 (31.8) 9 (40.9)

Values are presented as median (1Q, 3Q) or number (%). PVB: thoracic paravertebral block, ESPB: erector spinae plane block, PONV: 
postoperative nausea and vomiting, NA: not applicable. Mann–Whitney U test was used for statistical comparison of dermatome of 
sensory blockade. Fisher’s exact test and chi-square test was used for statistical comparison of PONV incidence, and patient satisfaction, 
respectively. *P < 0.05 was considered statistically significant.
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the ESPB group but not significantly different. This might be 

an effect of our PONV prophylaxis regimen, which was ad-

ministered to all participants. Pneumothorax did not occur 

in our study, similar to previous studies, which might be be-

cause all blocks were performed by the expert and under 

US-guidance [6,10,12]. According to the report from a me-

ta-analysis, the incidence of pneumothorax after PVB was 

rarely observed at 0.5% [24]. Most of the patients in our study 

were very satisfied with their pain management; one possi-

ble reason was that they did not suffer from severe compli-

cations or severe pain throughout the postoperative period. 

Notably, even though postoperative morphine consump-

tion and pain score are important considering factors when 

selecting an appropriate block technique, there remain es-

sential elements that must be included in the decision-mak-

ing process, such as the clinician's proficiency, the technical 

difficulty, the invasiveness, the pain intensity created by the 

procedure, and the patient's pain experience and expecta-

tions [25,26]. Giving adequate attention to weighing all these 

factors is crucial in reaching the optimal decision for each 

circumstance. 

The present study had some limitations. First, we did not 

apply a sham or no-block group in our protocol as there was 

adequate evidence to support the analgesic effects of these 

two regional blocks without the need to compare them with 

a control group. Second, the evaluation period of the senso-

ry blockade in this study might be relatively short for the 

demonstration of actual blockade in fascia plane blocks like 

ESPB. We chose 15 min after block to evaluate the sensory 

blockade as we were concerned about the busy operating 

room schedule. Ultimately, we believe that this decision did 

not interfere with our primary outcome, which was the mor-

phine consumption within 24 h. Lastly, our participants 

were not followed up long-term, hence we could not assess 

the impact of the blocks on long-term outcomes such as 

post-surgical pain syndrome or the recurrent cancer rate. 

In conclusion, compared to ESPB, PVB provided lower 

postoperative opioid requirements and decreased postoper-

ative pain score with broader dermatome of sensory block-

ade after mastectomy surgery. 
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TO THE EDITOR: We read with great interest the review 

by Joung et al. [1] published in Anesthesia & Pain Medicine. 

We wish to describe our experience with different anesthetic 

drugs and techniques in a patient with catatonia undergoing 

multiple electroconvulsive therapy (ECT) sessions. 

Catatonia is characterized by a constellation of psychomo-

tor disturbances associated with immobility, mutism, and 

rigidity [2]. ECT is the preferred treatment modality [2]. As 

patients with catatonia are prone to muscle rigidity, hyper-

kalemia, and deteriorating Glasgow coma scale (GCS) score, 

anesthesia is challenging for ECT procedures [3]. 

A 48-year-old female patient weighing 35 kg presented 

with hallucinations, dementia, and increased muscle rigidity 

in all four limbs for the past 6 months and was diagnosed 

with catatonia (secondary to Lewy bodies in the substantia 

nigra). As the patient was resistant to pharmacological ther-

apy (lorazepam, escitalopram, and syndopa), ECT was final-

ly planned. Her GCS score was E4V1M5. As routine blood 

investigations were normal, our main concern was serum 

potassium (4.45 mEq/L), which was expected to rise further 

with succinylcholine, a commonly used neuromuscular 

blocking drug (NMBD) in ECT procedures [2]. 

In her first ECT session, succinylcholine was avoided be-

cause of the reported risk of life-threatening hyperkalemia 

as a result of upregulation of nicotinic cholinergic receptors 

secondary to long-term immobilization (as the patient was 

immobilized for the past 6 months). Glycopyrrolate (0.2 mg), 

propofol (80 mg), and atracurium (15 mg) were adminis-

tered to the patient. I-gel insertion and propofol infusion 

were started for maintenance until recovery from neuro-

muscular blockade. After the procedure, the patient recov-

ered to her preoperative GCS score. In the second ECT ses-

sion, the same anesthesia technique was used. There was no 

improvement in the GCS score after two ECT sessions al-

though an improvement in muscle rigidity was observed. In 

the third ECT session, it was decided to use succinylcholine 

instead of atracurium with complete preparation for moni-

toring, diagnosis, and management of hyperkalemia, in case 
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such an event occurred. The intraoperative course remained 

uneventful, with no electrocardiogram (ECG) changes sug-

gestive of hyperkalemia. Serum levels of potassium margin-

ally increased from 4.5 mEq/L to 4.75 mEq/L.  

A similar anesthetic technique was followed in the fourth 

and fifth ECT sessions without any significant events. Mus-

cle rigidity resolved further, and GCS score improved. She 

was under observation in the hospital for another 15 days 

and was discharged on medication. The patient is doing well 

on follow-up. 

Hudcova and Schumann [3] reported ventricular tachy-

cardia and ECG changes suggestive of hyperkalemia (with a 

rise in serum potassium level from 4.3 mEq/L to 6.4 mEq/L) 

after administering succinylcholine in a patient with catato-

nia scheduled to undergo ECT. Cooper et al. [4] reported ar-

rhythmias and asystoles after succinylcholine administra-

tion in a patient with catatonia undergoing ECT. Zisselman 

and Jaffe [5] also reported ventricular tachycardia with suc-

cinylcholine administration in these patients. 

The risk of arrhythmias led us to choose a non-depolariz-

ing NMBD over succinylcholine in the initial two settings. 

However, due to improvement in muscle rigidity, succinyl-

choline was administered in the next three sessions with all 

preparations in place. Based on the existing literature and 

our experience, the use of succinylcholine or a non-depolar-

izing NMBD in such patients remains controversial. Our ex-

perience suggests that succinylcholine may be safe when 

muscle rigidity is improved. However, with the available evi-

dence, we can conclude that it is challenging to form defini-

tive recommendations for managing patients with catatonia 

undergoing ECT. 
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thor’s disclosure of potential conflicts of interest is determined to 

be inaccurate or incomplete after publication, a correction will be 

published to rectify the original published disclosure statement, 

and additional action may be taken as necessary.

If one or more of editors are involved as authors, the authors 

should declare conflict of interests. 

Ex) AAA has been an editor of the Anesthesia and Pain Medi-

cine since 2017; however, he was not involved in the peer re-

viewer selection, evaluation, or decision process of this arti-

cle. No other potential conflicts of interest relevant to this ar-

ticle were reported.

2. Statement of informed consent

Copies of written informed consents and Institutional Review 

Board (IRB) approval for clinical research are recommended 

kept. The editor or reviewers may request copies of these docu-

ments to make potential ethical issues clear.

3. Protection of privacy, confidentiality, and 
written informed consent

Identifying details should not be published in written descrip-

tions, photographs, or pedigrees unless it is essential for scientific 

purposes and the patient (or his/her parents or guardian) pro-

vides written informed consent for publication. Additionally, in-

formed consent should be obtained in the event that anonymity 

of the patient is not assured. For example, masking the eye region 

of patients in photographs is not adequate to ensure anonymity. 

If identifying characteristics are changed to protect anonymity, 

authors should provide assurance that alterations do not distort 

scientific meaning. When informed consent has been obtained, 

this should be indicated in the published article.

4. Protection of human and animal rights

In the reporting of experiments that involve human subjects, it 

should be stated that the study was performed according to the 

Helsinki Declaration of 1975 (revised 2013) (Available from https://

www.wma.net/policies-post/wma-declaration-of-helsinki-ethi-

cal-principles-for-medical-research-involving-human-subjects/) 

and approved by the Institutional Review Board (IRB) of the insti-

tution where the experiment was performed. Clinical studies that 

do not meet the Helsinki Declaration will not be considered for 

publication. Identifying details should not be published (such as 

name, initial of name, ID numbers, or date of birth).

In the case of an animal study, a statement should be provid-

ed indicating that the experimental processes, such as the 

breeding and the use of laboratory animals, were approved by 

the Research Ethics Committee (REC) of the institution where 

the experiment was performed or that they did not violate the 

rules of the REC of the institution or the NIH Guide for the Care 

and Use of Laboratory Animals (Institute of Laboratory Animal 

Resources, Commission on Life Sciences, National Research 

Council, https://www.nap.edu/catalog/5140/guide-for-the-

care-and-use-oflaboratory-animals). The authors should pre-

serve raw experimental study data for at least 1 year after the 

publication of the paper and should present this data if required 

by the Editorial Board.

5. Registration of the clinical research

It is recommended that all clinical trials be registered in the 

primary registry before submission. APM accepts registration in 

any of the primary registries that participate in the World Health 

Organization (WHO) International Clinical Trials Portal (http://

www.who.int/ictrp/en), NIH ClinicalTrials.gov (http://www.

clinicaltrials.gov), or Korea Clinical Research Information Ser-

vice (CRiS, http://cris.nih.go.kr).

6. Reporting guidelines

The APM recommends a submitted manuscript to follow re-

porting guidelines appropriate for various study types. Good 

sources for reporting guidelines are the EQUATOR Network 

(www.equatornetwork.org) and the NLM’s Research Reporting 

Guidelines and Initiatives (www.nlm.nih.gov/services/re-

search_report_guide.html).

7. Author and authorship

An author is considered as an individual who has made 

substantive intellectual contributions to a published study and 

whose authorship continues to have important academic, so-

cial, and financial implications.

Authorship credit should be based on: (1) substantial contri-

butions to the conception or design of the work, or to the acqui-

sition, analysis, or interpretation of data for the work; (2) the 

drafting of the article or revising it critically for important intel-

lectual content; (3) final approval of the version to be published; 

and (4) agreement on taking accountability for the accuracy or 

https://www.wma.net/policies-post/wma-declaration-of-helsinki-ethical-principles-for-medical-research-involving-human-subjects/
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integrity of the work. Authors should meet these four criteria. 

These criteria distinguish the authors from other contributors.

When a large, multicenter group has conducted the work, 

the group should identify the individuals who accept direct re-

sponsibility for the manuscript. When submitting a manu-

script authored by a group, the corresponding author should 

clearly indicate the preferred citation and identify all individu-

al authors as well as the group name. Acquisition of funding, 

collection of data, or general supervision of the research group 

alone does not constitute authorship. Journals generally list 

other members of the group in the Acknowledgments section.

8. Plagiarism and duplicate publication

Plagiarism is the use of previously published material without 

attribution. Prior to peer review, all manuscripts are screened 

for plagiarism by the Editor-in-Chief using iThenticate. When 

plagiarism is detected at any time before publication, the APM 

editorial office will take appropriate action as directed by the 

standards set forth by the Committee on Publication Ethics 

(COPE). For additional information, please visit http://www.

publicationethics.org. Text copied from previously published 

work is interpreted using the following taxonomy:

1) Intellectual theft

Deliberate copying of large blocks of text without attribution

2) Intellectual sloth

Copying of “generic” text, e.g., a description of a standard 

technique, without clear attribution

3) Plagiarism for scientific English

Copying of verbatim text, often from multiple sources

4) Technical plagiarism

Use of verbatim text without identifying it as a direct quota-

tion but citing the source

5) Self-“plagiarism”

Manuscripts are only accepted for publication if they have 

not been published elsewhere. Manuscripts published in this 

journal should not be submitted for publication elsewhere. Du-

plicate submissions identified during peer review will be imme-

diately rejected. Duplicate submissions that are discovered after 

publication will be retracted. It is mandatory for all authors to 

resolve any copyright issues when citing a figure or table from a 

different journal that is not open access.

When duplicate publication is detected, the APM editorial 

office will notify the counterpart journal on this violation. Ad-

ditionally, it will be notified to the authors’ affiliation and pen-

alties will be imposed on the authors. It is possible to repub-

lish manuscripts if the manuscripts satisfy the condition of 

secondary publication of the Uniform Requirements for Man-

uscripts Submitted to Biomedical Journals, available at: www.

icmje.org. If the author or authors wish to obtain a duplicate 

or secondary publication for reasons such as publication for 

readers of a different language, the author(s) should obtain 

approval from the Editors-in-Chief of both the first and second 

journal.

IV. Manuscript Preparation

APM recommends compliance with some or all of the follow-

ing guidelines (www.equatornetwork.org/library).

CONSORT for reporting of randomized controlled trials 

(http://www.consort-statement.org)

STARD for reporting of diagnostic accuracy studies (http://

www.stard-statement.org)

STROBE for reporting of observational studies in epidemiolo-

gy (http://www.strobe-statement.org)

PRISMA for reporting of systematic reviews (http://www.pris-

ma-statement.org)

MOOSE for reporting of observational studies (http://www.

emgo.nl/kc/reporting-your-study-results-in-a-scientific-article)

GLOBAL ADVANCES in Health and Medicine for reporting of 

clinical cases (http://www.gahmj.com)

1. Word processors and format of manuscripts

A manuscript must be written in proper and clear English or 

Korean. Our preferred file format is DOCX or DOC. Manuscripts 

should be typed double-spaced on A4-sized paper, using 12 

point font in English, using 10 point font in Korean.

2. Abbreviation of terminology

Abbreviations should be avoided as much as possible. When 

they are used, full expression of the abbreviated words should 

be provided at the first use, with the abbreviation following in 

parentheses.

Ex) target controlled infusion (TCI)

After that, “TCI” can be used instead of “target controlled infu-

sion.” Common abbreviations may be used, however, such as 

DNA. Abbreviations can be used if they are listed as a MeSH 

subject heading (https://www.ncbi.nlm.nih.gov/mesh).

3. Word spacing

1) Leave 1 space on each side when using arithmetic marks 

http://www.publicationethics.org/
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such as +,–, × , etc.

Ex) 24 ±  2.5

Leave no space when using hyphen between words.

Ex) intra-operative

2) When using parentheses, leave 1 space on each side in En-

glish, and leave no space in the Korean manuscript.

3) When using brackets in parentheses, apply square brackets.

Ex) ([ ])

4) Manuscripts in Korean should obey the rules of Korean 

spelling (www.korean.go.kr).

4. Citations

1) If a citation has 2 authors, write as “Hirota and Lambert”. If 

there are more than 3 authors, apply “et al.” at the end of 

the first author’s surname.

Ex) Kim et al. [1]

2) Citations should be applied after the last word.

Ex) It is said that hypertension can be induced [1] and the 

way to injure the brain [2] is…

Ex) Choi and Kim [1] reported…

3) Apply citations before a comma or period.

Ex) ....is reported [1],

4) Several or coupled superscripts can be written as [1–5] or 

[1,3,5].

5. Arrangement of manuscript

The manuscript should be organized in the order of title, ab-

stract, introduction, materials and methods, results, discussion, 

acknowledgments, references, tables, figures, and figure leg-

ends. Figures should be uploaded as separate files. The title of 

each new section should begin on a new page. The conclusion 

should be included in the discussion section. Number pages 

consecutively, beginning with the first page of the manuscript. 

Page numbers should be placed at the middle of the bottom of 

the page. For survey-based clinical studies, the original survey 

document does not need to be included in the body of the man-

uscript but may be included as a supplement in an appendix.

6. Organization of manuscript

1) Clinical or experimental research

(1) Cover page (upload separately)

① Title

Title should be concise and precise. The first word 

should be capitalized. Drug names in the title should be 

written with generic names, not brand names. For the 

title, only the first letter of the first word should be capi-

talized.

Ex) Effect of smoking on bronchial mucus transport 

velocity under total intravenous anesthesia ·········· 

[○]

Ex) Effect of Smoking on Bronchial Mucus Transport 

Velocity under Total Intravenous Anesthesia ········ [ × ]

Provide drug names as generic names, not product 

names.

Ex) In CPR, Isosorbide Dinitrate is, ·········· [○]

Ex) In CPR, Isosorbide Dinitrate (Isoket®) is, ········ [ × ]

Ex) In CPR, Isoket® is, ·········· [ × ]

② Running title

A running title of no more than 40 characters, includ-

ing letters and spaces in Korean, or 10 words in En-

glish, should be provided. If this title is inappropriate, 

the Editorial Board may revise it.

③ Author information

First name, middle initial, and last name of each author, 

with their highest academic degree(s) (M.D., Ph.D., 

etc.), and institutional affiliations; make sure the names 

of and the order of authors as they appear on the Title 

Page and entered in the system match exactly.

④ Previous presentation in conferences

Title of the conference, date of presentation, and the 

location of the conference may be described.

⑤ Funding statement

Disclosure of all financial support for the work, in-

cluding departmental or institutional funding/sup-

port.

⑥ Conflicts of interest

Any conflicts of interest for any or all authors within 

the 36 months of submission. If no competing inter-

ests, please add the following statement: “The au-

thors declare no competing interests.” If any of these 

elements are not applicable to your submission, 

write “not applicable” after thenumber and topic; for 

example, “Prior Presentations: Not applicable.”

(2) Manuscript

① Title and Running title (without author information) 

It should be the same as the Cover page.

② Abstract

All manuscripts should contain a structured abstract 

that is written only in English. Authors should pro-

vide an abstract of no more than 250 words. It should 

contain 4 subsections: Background, Methods, Re-

sults, and Conclusions. Citation of references is not 

permitted in the abstract. A list of key words at least 4, 

http://www.korean.go.kr/
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with a maximum of 10 items, should be included at 

the end of the abstract. Key words should be selected 

from MeSH (https://www.ncbi.nlm.nih.gov/mesh), 

and these should be written in small letters with the 

first letter capitalized. Separate each word with a 

semicolon (;), and include a period (.) at the end of 

the last word. Ex) Keywords: Carbon dioxide; Cere-

bral vessels; Oxygen; Spinal analgesia.

③ Introduction

The introduction should address the purpose of the 

article concisely and include background informa-

tion that is relevant to the purpose of the paper.

④ Materials and Methods

The materials and methods section should include 

sufficient details regarding the design, subjects, and 

methods of the research in order, as well as methods 

used for data analysis and control of bias in the study. 

Sufficient details must be provided in the methodol-

ogy section of an experimental study so that it can be 

further replicated by others.

Institute and author names should be avoided.

When reporting experiments with human or animal 

subjects, the authors should indicate whether they 

received approval from the Institutional Review 

Board for the study. When reporting experiments 

with animal subjects, the authors should indicate 

whether the handling of the animals was supervised 

by the Institutional Board for the Care and Use of 

Laboratory Animals. Demographic data should be 

included in the materials and methods section if ap-

plicable. As a rule, subsection titles are not recom-

mended. If several study designs were used, then 

subtitles can be used without assigning numbers.

Ensure correct use of the terms sex (when reporting bi-

ological factors) and gender (identity, psychosocial or 

cultural factors), and, unless inappropriate, report the 

sex and/or gender of study participants, the sex of ani-

mals or cells, and describe the methods used to deter-

mine sex and gender. If the study was done involving an 

exclusive population, for example in only one sex, au-

thors should justify why, except in obvious cases (e.g., 

prostate cancer). Authors should define how they deter-

mined race or ethnicity and justify their relevance.
● Units Laboratory information should be reported 

using the International System of Units [SI], available 

at : https://www.nist.gov/pml/special-publica-

tion-811

< Exceptions >

A. The unit for volume is “L”, while others should be 

written as “dl, ml, μl”.

Ex) 1 L, 5 ml

B. The units for pressure are mmHg or cmH2O.

instead of Pascal.

C. Use Celsius for temperature. °C

D. Units for concentration are M, mM, μM.

Ex) μmol/L; [ × ]

E. When more than 2 items are presented, diago-

nal slashes are acceptable for simple units.

Negative exponents should not be used.

Ex) mg/kg/min [O], mgㆍkg-1ㆍmin-1 [ × ]

F. Leave 1 space between number and units, except 

%, oC.

Ex) 5 mmHg

Ex) 5%, 36oC

G. Units of time

Ex) hour: 1 h =  60 min =  3,600 s, day: 1 d =  24 h 

=  86,400 s
● Machines and equipment

Provide model name and manufacturer’s name, and 

country. Do not put “.” between words when writing 

the names of countries.

Ex) U.S.A. [ × ], USA [O]

For drug names, use generic names. If a brand name 

should be used, insert it in parentheses after the ge-

neric name. Provide® or TM as a superscript and the 

manufacturer’s name and country.
● Ions 

Ex) Na+[○], Mg2+[O], Mg++[ × ], Mg+2[ × ] 

Ex) Premedicated magnesium [O] 

Ex) Premedicated Mg2+ [O]

⑤ Results

Results should be presented in a logical sequence in 

the text, tables, and figures, giving the main or most 

important findings first. Do not repeat all of the data 

provided in the tables or figures in the text; empha-

size or summarize only the most important observa-

tions. Results can be sectioned by subsection titles 

but should not be numbered. Citation of tables and 

figures should be provided as Table 1 and Fig. 1.

Type or print each table on a separate page. Figures 

should be uploaded as separate tif, jpg, pdf, gif, ppt 

files.

⑥ Statistics

Precisely describe the methods of statistical analysis 

and computer programs used. Mean and standard 

https://www.ncbi.nlm.nih.gov/mesh
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deviation should be described as mean ±  SD, and 

mean and standard error should be written as mean 

±  SEM. Median and interquartile should be de-

scribed as median (1Q, 3Q). When displaying P val-

ues, use a capital P and do not put a “-” between “P” 

and “value”.

A. Describe the statistical tests employed in the study 

with enough detail so that readers can reproduce 

the same results if the original data are available. 

The name and version of the statistical package 

should be provided.

B. Authors should describe the objective of the study 

and hypothesis appropriately. The primary/sec-

ondary endpoints are predetermined sensibly ac-

cording to the objective of the study.

C. The characteristics of measured variables should 

determine the use of a parametric or nonpara-

metric statistical method. When a parametric 

method is used, the authors should describe 

whether the basic statistical assumptions are met.

For an analysis of a continuous variable, the nor-

mality of data should be examined. Describe the 

name and result of the particular method to test 

normality.

D. When analyzing a categorical variable, if the num-

ber of events and sample is small, exact test or as-

ymptotic method with appropriate adjustments 

should be used. The standard chi-squared test or 

difference-in-proportions test may be performed 

only when the sample size and number of events 

are sufficiently large.

E. The APM strongly encourages authors to show 

confidence intervals. It is not recommended to 

present the P value without showing the confi-

dence interval. In addition, the uncertainty of esti-

mated values, such as the confidence interval, 

should be described consistently in figures and 

tables.

F. Except for study designs that require a one-tailed 

test, for example, non-inferiority trials, the P val-

ues should be two-tailed. A P value should be ex-

pressed up to three decimal places (ex. P =  0.160 

not as P =  0.16 or P <  0.05). If the value is less 

than 0.001, it should be described as “P <  0.001” 

but never as “P =  0.000.” For large P value greater 

than 0.1, the values can be rounded off to one 

decimal place, for example, P =  0.1, P =  0.9.

G. A priori sample size calculation should be de-

scribed in detail. Sample size calculation must 

aim at preventing false negative results pertain-

ing to the primary, instead of secondary, end-

point. Usually, the mean difference and standard 

deviation (SD) are typical parameters in estimat-

ing the effect size. The power must be equal to or 

greater than 80 percent. In the case of multiple 

comparisons, an adjusted level of significance is 

acceptable.

H. When reporting a randomized clinical study, a 

CONSORT type flow diagram, as well as all the 

items in the CONSORT checklist, should be in-

cluded. If limited in terms of the space of the 

manuscript, this information should be submitted 

as a separate file along with the manuscript.

I. Results must be written in significant figures. The 

measured and derived numbers should be rounded 

off to reflect the original degree of precision. Calcu-

lated or estimated numbers (such as mean and SD) 

should be expressed in no more than one signifi-

cant digit beyond the measured accuracy. There-

fore, the mean (SD) of cardiac indices in patients 

measured on a scale that is accurate to 0.1 L/min/

m2 should be expressed as 2.42 (0.31) L/min/m2.

J. Except when otherwise stated herein, authors 

should conform to the most recent edition of the 

American Medical Association Manual of Style.

⑦ Discussion

The discussion should be described to emphasize 

the new and important aspects of the study, includ-

ing the conclusions. Do not repeat in detail the re-

sults or other information that is provided in the in-

troduction or the results section. Describe the con-

clusions according to the purpose of the study but 

avoid unqualified statements that are not adequately 

supported by the data. Conclusions may be stated 

briefly in the last paragraph of the discussion section.

⑧ Funding

Financial support, including foundations, institu-

tions, pharmaceutical and device manufacturers, 

private companies, or intramural departmental 

sources, or any other support, should be described.

⑧ Acknowledgments

Persons or institutes that contributed to the manu-

script but not sufficiently to be coauthors may be rec-

ognized.

⑩ References
● References should be obviously related to docu-
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ments and should not exceed 30. References should 

be numbered consecutively in the order in which 

they are first mentioned in the text. Provide citations 

in the body text. All references should be listed in 

English, including author, title, name of journal, etc.
● The format for references follows the descriptions 

below. Otherwise, it follows the NLM Style Guide 

for Authors, Editors, and Publishers (Patrias, K. Cit-

ing medicine: the NLM style guide for authors, edi-

tors, and publishers [Internet]. 2nd ed. Wendling, 

DL, technical editor. Bethesda (MD): National Li-

brary of Medicine (US); 2007 [updated 2015 Oct 2; 

cited Year Month Day]. Available at: www.ncbi.nlm.

nih.gov/books/NBK7256/).
● If necessary, the Editorial Board may request origi-

nal documents for the references.
● The journal title should be listed according to the 

List of Journals Indexed for MEDLINE, available at: 

https://www.nlm.nih.gov/archive/20130415/tsd/

serials/lji.html, or the List of KoreaMed Journals 

(journal browser of KoreaMed Services), available 

at: http://koreamed.org/JournalBrowserNew.php.
● Six authors can be listed. If there are more than 6 

authors, only list 6 names with “et al.”.
● Provide the start and final page numbers of the cit-

ed reference.
● Abstracts of conferences may not be included in the 

references. The American Society of Anesthesiolo-

gists (ASA) refresher course lecture is not accept-

able as a reference.
● Description format

A. Regular journal

Author name. Title of article. Name of journal pub-

lished year; volume: start page-final page. 

Ex) Rosenfeld BA, Faraday N, Campbell D, Dor-

man T, Clarkson K, Siedler A, et al. Periopera-

tive platelet activity of the effects of clonidine. 

Anesthesiology 1992; 79: 256-61. 

Ex) Hirota K, Lambert DG. Ketamine: its mecha-

nism(s) of action and unusual clinical uses. Br 

J Anaesth 1996; 77: 741-4. 

Ex) Kang JG, Lee SM, Lim SW, Chung IS, Hahm TS, 

Kim JK, et al. Correlation of AEP, BIS, and OAA/

S scores under stepwise sedation using propo-

fol TCI in orthopedic patients undergoing total 

knee replacement arthroplasty under spinal an-

esthesia. Korean J Anesthesiol 2004; 46: 284-92. 

Journal article volume with supplement

Ex) Doherty JS, Froom SR, Gildersleve CD. Pediatric la-

ryngoscopes and intubation aids old and new. 

Paediatr Anaesth 2009; 19 Suppl 1: 30-7.

Journal article issue with supplement

Ex) Lee S, Han JW, Kim ES. Butyrylcholinesterase defi-

ciency identified by preoperative patient interview. 

Korean J Anesthesiol 2013; 65(6 Suppl): S1-3.

B. Monographs

- Author. Book name. Edition. Place, press. Pub-

lished year, pp (start page)-(End page).

- If reference page is only 1 page, mark ‘p’.

- Note if it is beyond the 2nd edition.

Ex) Nuwer MR. Evoked potential monitoring in the 

operating room. 2nd ed. New York, Raven 

Press. 1986, pp 136- 71.

- Translated documents cannot be used as refer-

ences. The original documents should be provided 

as references.

C. Chapter

Any separate author of a chapter should be provid-

ed.

Ex) Blitt C. Monitoring the anesthetized patient. In: 

Clinical Anesthesia. 3rd ed. Edited by Barash 

PG, Cullen BF, Stoelting RK: Philadelphia, Lip-

pincott -Raven Publishers. 1997, pp 563-85.

D. Electronic documents

Ex) Grainge MJ, Seth R, Guo L, Neal KR, Coupland 

C, Vryenhoef P, et al. Cervical human papillo-

mavirus screening among older women. 

Emerg Infect Dis [serial on the Internet]. 2005 

Nov [2005 Nov 25]. Available from wwwnc.cdc.

gov/eid/article/11/11/05-0575_article.

E. Online journal article

Ex) Sampson AL, Singer RF, Walters GD. Uric acid 

lowering therapies for preventing or delaying 

the progression of chronic kidney disease. Co-

chrane Database Syst Rev 2017; 10: CD009460.

F. Advance access article

Ex) Baumbach P, Gotz T, Gunther A, Weiss T, Meis-

sner W. Chronic intensive care-related pain: 

Exploratory analysis on predictors and influ-

ence on health-related quality of life. Eur J Pain 

2017. Advance Access published on Nov 5, 

2017. doi:10.1002/ejp.1129.

⑪ Tables
● Only one table is to be drawn per page in the order 

cited in the text.
● The title of the table is to be in English and written 
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at the top of the table in the form of a phrase.
● Words in the table excluding the title should use 

capital letters for the first word, and the following 

words are to be written in small letters.
● For demographic data, gender is recorded as M/F, 

age as yr, (if necessary, use days or months in chil-

dren) without decimal point. The “ ± ” sign within the 

table is to be aligned with the rows above and below.
● Footnotes are to be written in the following order: 

“Values are mean ±  SD (or SEM) or median (1Q, 

3Q)”, the explanations for the groups and the abbre-

viations in order of appearance, and statistics. Ab-

breviations apart from internationally recognized 

abbreviations are to be explained with their full 

spellings at the bottom of the table. Full spellings 

are to be presented even for repeated abbreviations 

for each table in order of appearance.
● Significance marks are to conform to the Vancouver 

style (Uniform Requirements for Manuscripts Sub-

mitted to Biomedical Journals. JAMA 1997; 227: 

927-34). In other words, these must be in the order 

of *, †, ‡, §, ∥, ¶, **, ††, ‡‡ and written as superscripts.

⑫ Legends for figures and photographs
● All of the figures and photographs should be de-

scribed in the text separately.
● The description order is the same as in the foot-

notes in tables and should be in recognizable sen-

tences.
● Define all abbreviations every time they are repeated.

(3) Figures and Photographs

① APM encourages authors to use color to increase the 

clarity of figures. Please note that color figures are 

used without charge.

② Standard colors should be used (black, red, green, 

blue, cyan, magenta, orange, and gray). Avoid colors 

that are difficult to see on the printed page (e.g., yel-

low) or are visually distracting (e.g., pink). Figure back-

grounds and plot areas should be white, not gray. Axis 

lines and ticks should be black and thick enough to 

clearly frame the image. Axis labels should be large 

enough to be easily readable, and printed in black.

③ Figures should be uploaded as separate tif, jpg, pdf, 

gif, or ppt files. Width of figure should be 84 mm (one 

column). Contrast of photos or graphs should be at 

least 600 dpi. Contrast of line drawings should be at 

least 1,200 dpi. Number figures as “Fig. (Arabic nu-

meral)” in the order of their citation (ex. Fig. 1).

④ Photographs should be submitted individually. If Fig. 

1 is divided into A, B, C, and D, do not combine it 

into 1, but submit each of them separately. Authors 

should submit line drawings in black and white.

⑤ In horizontal and vertical legends, the letter of the 

first English word should be capitalized.

⑥ Connections between numbers should be denoted 

by “–”, not “~”. Do not space the numbers (ex. 2–4).

⑦ An individual should not be recognizable in photo-

graphs or X-ray films unless written consent has been 

obtained from the subject and is provided at the time 

of submission.

⑧ Pathological samples should be pictured with a mea-

suring stick.

(4) Video (movie) clip(s)

The APM publishes supplemental video (movie) clip(s) 

that will be available online. Authors should submit vid-

eos according to our video submission guidelines.

① Each video clip should clearly illustrate the primary 

findings within an adequate amount of viewing time 

and should be discussed in the text. Authors should 

provide appropriate labeling (e.g., arrows, abbrevia-

tions of anatomic structures, etc.) in the video clips. 

However, all identifying information, including pa-

tient names and/or ID numbers, hospital names, and 

dates of the procedures, should be removed.

② Video clips should contain succinct teaching points 

that must be supported by the current literature or 

standard reference texts, preferably those most ac-

cessible to the general reader. The adequacy of the 

teaching points will be evaluated during the review 

process and finally confirmed by the Editorial Board 

at the end of the review process.

③ Video clips are uploaded as the last file(s) at the time 

of manuscript submission and should be marked as 

supplementary video files.

④ The video clip(s) should have simple file names (e.g., 

Video 1, Video 2) and should include the appropriate 

extension (e.g., .mov, .mpg, .avi).

⑤ The maximum number of video clips is 20.

⑥ The video clip(s) should be playable on Microsoft 

Windows OS. The video clip(s) should be tested for 

playback before submission, preferably on comput-

ers not used for their creation, to check for any com-

patibility issues.

⑦ Individual video files should be a minimum of 480 ×  

320 pixels (smaller clips will not be accepted) and a 

maximum of 2 GB. Files of <  15 MB will be rejected 

outright unless special arrangements have been 
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made with the editorial board prior to submission. 

Approval of files of >  2 GB will be made at the end of 

the review process.

⑧ Supplemental still images that correspond to the re-

spective video clip(s) should be, but are not always 

required to be, accompanied by legends. The video 

clip file name(s) should refer to the corresponding 

figure number(s).

⑨ The author will be able to find additional information 

in the Figures and photographs section.

2) Case Reports

A case report is almost never a suitable means to describe 

the efficacy of a treatment or a drug; instead, an adequately 

powered and well-controlled clinical trial should be per-

formed to demonstrate such efficacy. The only context in 

which a case report can be used to describe efficacy is in a 

clinical scenario, or population, that is so unusual that a 

clinical trial is not feasible. Case reports of humans must 

state in the text that informed consent to publication was 

obtained from the patient or guardian. Copies of written 

informed consents should be kept. If necessary, the editor 

or reviewers may request copies of these documents. If 

these steps are impossible, Institutional Review Board ap-

proval should be obtained prior to submission. Rarity of a 

disease condition is itself not an acceptable justification for 

a case report.

(1) Cover page: Same as that for clinical and experimental 

studies.

(2) Abstract: All case reports should contain a structured 

abstract that is written only in English. Provide an ab-

stract of no more than 150 words. It should contain 3 

subsections: Background, Case, and Conclusions. A list 

of keywords, with a minimum of 3 and maximum of 10 

items, should be included at the end of the abstract.

(3) Introduction: Should not be separately divided. Briefly 

describe the case and background without a title.

(4) Case report: Describe only the clinical information that 

is directly related to the diagnosis and anesthetic man-

agement.

(5) Discussion: Briefly discuss the case, and state conclu-

sions at the end of the case. Do not structure the con-

clusion section separately.

(6) References: The number of references should be less 

than 15. However, if necessary, the number of reference 

can be added in accordance with the decision of the 

editorial committee.

(7) Tables and figures: Proportional to those for clinical and 

experimental studies.

3) Reviews

Review articles synthesize previously published material 

into an integrated presentation of our current understand-

ing of a topic. Review articles should describe aspects of a 

topic in which scientific consensus exists, as well as aspects 

that remain controversial and are the subject of ongoing 

scientific disagreement and research. Review articles 

should include unstructured abstracts written in English 

equal to or less than 250 words. The organization should be 

in order of abstract, introduction, text following each title, 

conclusion and references. Figures and tables should be 

provided in English. Body text should not exceed 30 A4-

sized pages, and the number of figures and tables should 

each be less than 6. However, if necessary, the number of 

pages, number of figures and tables can be added in accor-

dance with the decision of the editorial committee.

4) Letters to the Editor

Letters to the Editor should include brief constructive com-

ments that concern previously published articles and inter-

esting cases. Letters to the Editor should be submitted no 

more than 3 months after the paper has been published.

(1) Cover pages should be formatted in the same way as 

those of clinical research papers. The corresponding au-

thor should be the first author. A maximum of five au-

thors is allowable.

(2) The body text should not exceed 1,000 words and 

should have no more than 5 references. A figure or a ta-

ble may be used.

(3) Letters may be edited by the Editorial Board, and if nec-

essary, responses by the author of the subject paper may 

be provided.

5) Book reviews and announcements

Book reviews as well as news of scientific societies and sci-

entific meeting dates in Korea or abroad can be included. 

Their formats will be same as those of Letters to the Editor.

6) Images and Videos in APM

This feature is intended to capture the sense of visual dis-

covery and variety that anesthesiologists experience.

(1) The title should contain no more than 8 words. No more 

than 2 authors should be listed.

(2) The legend should contain no more than 250 words.

(3) If there is more than one panel, please label them Panel 

A, Panel B, etc.

(4) The legends to the images and videos should briefly 

present relevant clinical information, including a short 

description of the patient’s history, relevant physical 

and laboratory findings, clinical course, response to 

treatment (if any), and condition at the last follow-up.
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